METHODS AND APPARATUS FOR PRODUCI NG ALCOHOLS FROM

SYNGAS PRI ORI TY DATA [0001] This international patent
wW@ppbiersd on clains the priority benefit of U BT/US2008/069071

Provi si onal Patent Application Nos. 60/948, 650 and

60/ 948, 657, both filed July 9, 2007; and further

clains the priority benefit of U S. Non-Provisiona

Pat ent Application Nos. 12/166, 203 and 12/ 166, 212,
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pur poses. FIELD OF THE INVENTION [ 0002] The present
i nvention generally relates to processes for the
conversi on of carbonaceous feedstocks, such as
cel lulosic bionass, intopEHReshaTaas, and to
processes for the conversion of synthesis gas to
products such as al cohols (e.g., ethanol). BACKGROUND
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fossil fuels. 000 One synthetic route to al cohol s
i s through catalytlc processes for the conversion of
syngas to al cohols. Syngas (or synthesis gas) is a
m xture of nonoxide (CO and hydrogen (H2)
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syngasses Luniversivonioapgispatbtesgadn puidukis sechaas alcohols (e.g.,
cogglqrtlon of one or nore steps conprising

ation, pyrolysis, steamreform ng, and/or
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BACKGROUND OF THE INVENTION

[0003] Ethanol and alcohol mixtures including ethanol may be used as fuels
and fuel additives in place of petroleum-based products such as gasoline. Such use of
alcohols can reduce the need to import petroleum. In addition, the substitution of
alcohols for petroleum-based fuels and fuel additives can be particularly
environmentally friendly when the alcohols are produced from feedstocks other than
fossil fuels.

[0004] One synthetic route to alcohols is through catalytic processes for the
conversion of syngas to alcohols. Syngas (or synthesis gas) is a mixture of monoxide
(CO) and hydrogen (H,). Generally, syngas may be produced from any carbonaceous
material. In particular, biomass such as, for example, agricultural wastes, forest

products, grasses, and other cellulosic material may be converted to syngas.



[0006] Since the 1920s it has been known that m xtures
of methanol and other al cohols can be obtai ned by

WO 2®en938 syngas over certain catal ysts (Forzak€i/Uug1008/069071
al., Cat. Rev.-Sci. and Eng. 33(1-2), 109-168, 1991).
Fi scher and Tropsch observed around the sane tine that
hydr ocar bon- synt hesi s catal ysts produced |i near
al cohol s as byproducts (Fischer and Tropsch,
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Sy s to methanol with the first catalyst; (ilfLi :
i ﬁ{lgg‘b‘a&% glg}ﬁl&g by FRECHRS HASRT O STRAR éatp]iy|sét(#o1)zattl etal., Cat.

r@3CLIQN 978 gl 75929, RPCadxd 19@2?@55‘%&%&‘% TROLSI-AY around
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into th cond reaction_zone w.th t nd cat al yst
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[ 0009] The second reaction zone can be in the sane

r elgeb@p, suelh as ¢thanodi are ewegitlymeedador, than the first
reaction zone. [0010] In sone enbodi nents, the syngas
introduced into the first reaction zone has an initial
H2/ CO rati o, conversion of syngas to nethanol in the

first reaction zone causes the s ﬁggs i ntroduced into
t he second reacti oPUYBABRNGOR EXdAENH2/ cO rat i 0,
and the second H2/CO rati o provides an increased yield
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(i1) converting a portion of the syngas to methanol with the first catalyst;
(ii1) introducing syngas and methanol from the first reaction zone into a
second reaction zone comprising at least a second catalyst; and
(iv) converting at least a portion of the syngas and methanol introduced into
the second reaction zone with the second catalyst to produce a product stream
comprising one or more C,—C;4 alcohols, such as ethanol, 1-propanol, or 1-butanol.
[0009] The second reaction zone can be in the same reactor, or in a different
reactor, than the first reaction zone.
[0010] In some embodiments, the syngas introduced into the first reaction
zone has an initial H,/CO ratio, conversion of syngas to methanol in the first reaction
zone causes the syngas introduced into the second reaction zone to have a second
H,/CO ratio, and the second H,/CO ratio provides an increased yield to one or more

C,—C,4 alcohols in the second reaction zone compared to that which would be
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addi ti onal nmethanol into the second reaction zone and
converting at |least a portion of the additional

woreaobaesBY i nt r oduced into the second reacti on RPGRES1008/069071
one or nore C2- C alcohols with the second catal yst.
In certain enbodi nents, at |east a portion of the
addi tional nethanol introduced into the second
reacti on zone was previously recovered fromthe
product, .St m. | - hod i I s
R APt B0 T Ly MRS n PR s P AR e then
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catal yst. ngas can be recovered fromthe product
S threeraidii teomdl methyiod] edrdducedigho it st@adtreaanon adnd tb@ne or more C—
reacti zaones. [0012] The first. catalyst can conprise
e aloabPs s sdeand Fags He CEfan ﬁmﬁeewgregf% ?@e?ﬁ aportion of the
ZR M ZfPBnct iAo EPod (A SN &CBnd fEHERH oHE 943 previously
Cu/ ThQ2, Co/S, Md/S, Co/M/S, N/S N/M/S,
Nir¢cOpé¢rivth fism tha gresugt ssfcamh dn Some gwithmglsi addgmmbi syagasogwhich is not

ith Mh and/or V. The first cataly. f | .
! hertatRd Sk i Sseuton S BliaRledi S idespyapaction
Cadneg m&%ﬁoﬁ%rﬁﬁ% al loB® h%@%tﬁﬁll demddi@or@l §gas introduced
consi sting of Zn(VCr2Q3, Cu/zZnO_ Cu/ ZnQ Al 203,

Cirty thsaecaiarason ZoRO®), oneg)r orpsh-S 4 deghahy with the second catalyst.
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t be tagt®@ebng. i N conbi nati on with M and/or V. The
second cat alg%st preferably includes a basic pronoter.

THOIZ] r st cdbhafiyd catahygt ¢meosweisna masgrial yalectedhiyom;the group
o . b e o
SR SRR IO 0, Y2 OLOBADA DL X PRORAIS, KOG o,
p Mbo/8 d€s/ Mo/ SEXN e, ANid¥1of8, ddifi/ Mg/SHraed eny afthe f@2goifl in
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COMMdtsi ng at least a first catalyst; (ii) converting
at least a portion of the first amount of syngas to
mB@MH3hol wi thhe second catalyst can comprise a material selected from the group

consisting of ZnO/Cr,03, Cu/ZnO, Cu/ZnO/Al,03, CuO/Co0O, CuO/CoO/Al, O3,
Co/S, Mo/S, Co/Mo/S, Rh/Ti/Si0,, Rh/Mn/Si0,, R/T1/Fe/lr/Si0,, RbWMn/MCM-41,
Ni/S, Ni/Mo/S, Ni/Co/Mo/S, and any of the foregoing in combination with Mn and/or
V. The second catalyst preferably includes a basic promoter. The first catalyst and
the second catalyst can, in some embodiments, have substantially the same initial
composition.
[0014] In some embodiments, the invention provides a method of producing
one or more C,—C4 alcohols, the method comprising:

(1) introducing a first amount of syngas into a first reaction zone comprising at
least a first catalyst;

(i1) converting at least a portion of the first amount of syngas to methanol with

the first catalyst;



the first catalyst;(iii) introducing the nethanol to a
second reaction zone conprising at | east a second

W@ 20080989 (iv) introducing a second anount of PEI/E§HE8/069071
to the second reaction zone; and (v) reacting at | east
a portion of the nethanol introduced into the second
reaction zone with at |least a portion of the second
anmount of syngas with the second catal yst to produce a
product...str.eam. risin ne _or re.cC - al cohol s
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inafirst reactor, the second reaction zone is in a
s ot neacimngone. ahie sacondiapountof syEgas edditibenllyicag include syngas

reactor conprjs S i ntrodyced fromthe first
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a portion of the nmethanol produced in the first

r dasarnoembeshmentyhée s¢qosd amenet aforngasiecladry serss hept was
[g@&e‘rét?@ﬁ%ﬁ{‘lﬁ%tﬁgﬁ‘oﬂf&fﬂ% M &Jaé‘ctu%n% gl e reactor. [0017]
I ments, a 1 TlI

certalin enbo onal “or recycled CO can

b@o0 16y r oduc @tlsdrid embéEmbhts Sthe figA édction Zeees i 6Fse rdacai, the
| east a portion of the CO2 is reacted with H2 present
t 8°G9RE ARCHOTEIME e 1 4 BPORGTHAIHIand FAOUDED StERa Qe first reactor
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(such as ethano I'n the secon
r eancd, ifother ooveprifid dpraBap droal the outrhit stréany @ritdsoa portion of the

descri bes t.had of producin iLntermedi ate | ower
aFI%‘}?GPleErﬂg‘fce dn ﬂheefgf st Iga‘ﬁ%&’ﬁe% iﬁ%b@h@w&?ﬂ&ﬂ% E‘Pg pecond
CRERED 20HO can BodDe i8laGRM radBr.be produced by first

producing a Cn (n = 1-5) al cohol, according to the
s{®Yg] of :  In certain embodiments, additional or recycled CO; can be introduced

into the first reaction zone, wherein at least a portion of the CO; is reacted with H;
present to produce CO,-derived methanol. The CO,-derived methanol can be
converted, at least in part, to one or more C,—C4 alcohols (such as ethanol) in the
second reaction zone.
[0018] Generally, this invention describes a method of producing an
intermediate lower alcohol that is used to produce a higher alcohol. A C,., (n + m =
2-10) alcohol can be produced by first producing a C, (r = 1-5) alcohol, according to
the steps of:

(1) introducing syngas into a first reaction zone comprising at least a first
catalyst;

(i1) converting a portion of the syngas to a C, alcohol with the first catalyst;

(iii) introducing syngas and the C, alcohol from the first reaction zone into a
second reaction zone comprising at least a second catalyst; and
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(i) introducing syngas into a first reaction zone

conprising at least a first catalyst; (ii) converting
w@2one93en of the syngas to a Cn al cohol w th P¢CEUSI008069071

catalyst; (iii) introducing syngas and the Cn al cohol

fromthe first reaction zone into a second reaction

zone conprising at |east a second catal yst; and(iv)

converti ng at least a porti on of the syngas and the Cn

al COhOl an%ﬁ qtlea ¢ trp & 8Ft%8r§dnrg%ﬁé ele Za?co%oﬂnttroduced
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alc%@%ﬁn%ﬁw%@m@@%oto produce a | ower al cohol as a
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albe abual toipndduod a dederi arhto(hot zhsea St prtiuce Ryfeeidivaltyy mecthvdskvan

the second catalyst to uce a stream conprj si.n n .
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5. BRI EF DESCRI PTI ON OF THE 00201 FI G

s hkwlsolathgrls)@tds@t phoeerbar mpnbmi umaHgf thet thakolalehdl, whereln nis

ngas using two reactors in sequence,
%8‘?‘6‘#%“& she variation. [0021] FIG 2 shows a

process fl ow for produci ng net hanol and ethanol from
syngas using two reaction zones in sequence in a
single reactor, according to one variation. [0022]

FIG 3 shows a pracpSsedb@prioN GF dHckRRg hanol and

et hanol from syngas usi nng]\t/p‘V\o reactors in sequence,

with some or all of the nethanol produced in the first

r ¢@020pr di vEIGedsHowar frbecss oendr pedatiog mcaaaol didrghdnol from
one variation. [0023] FIG 4 shows a process flow for

pPYRAIE HHHES FER HARGIS ERadwRaderorting e 8ynydtiasi ng two

r gﬁ&t fr S | NFREAMEIGR AREQLENBH %Pp&ﬁﬁ&ﬁgheﬂﬁhbﬁéﬂd%@hanol from
024] FIG 5 shows a process flow for producing

msyrtwsl obing hwo etab@erotoncs onsegyergasn asingly reswtor; ecotdngta ene
ence, with the first reactor producing methanol in
gﬁ’@&ﬂ eld for conversion to ethanol in the second

r WQW acees di Hhwis RO&sY Ablvabt Pidducing methanol and ethanol from
syngas using two reactors in sequence, with some or all of the methanol produced in
the first reactor diverted from the second reactor, according to one variation.

[0023] FIG. 4 shows a process flow for producing methanol and ethanol from
syngas using two reactors in sequence according to another variation.

[0024] FIG. 5 shows a process flow for producing methanol and ethanol from
syngas using two reactors in sequence, with the first reactor producing methanol in
high yield for conversion to ethanol in the second reactor, according to one variation.
[0025] These and other embodiments, features, and advantages of the present
invention will become more apparent to those skilled in the art when taken with
reference to the following more detailed description of the invention in conjunction

with the accompanying drawings that are first briefly described.



[ 0025] These and ot her enbodi nents, features, and
advant ages of the present invention will becone nore

wappanessd t o those skilled in the art when takrei/wb10n8/069071

reference to the follow ng nore detail ed description
of the invention in conjunction with the acconpanying
drawi ngs that are first briefly described. DETAI LED
DESCRI PTI ON OF EMBODI MENTS OF THE | NVENTI ON [ 0026]
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enabl es the clained invention so that a person of
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early 1 ndi

unl ess the context cl cates otherw se. Un[ess
dé#027ed ot h érswssdal,n thislspt@fbatioo ahd drechppendedtdfims, the simgular

: Q?“g}sg?lg’glgng ha Q fnciq(ge p[lllérpcrrélgqr{]gqtf; u]illiﬁssttﬁg rc'%?t&t%é&early indicates
V\'Bﬂﬁcﬁxszs@' @nle@é’&‘éﬂﬂe@ R{HREVREGI! tef1H0A8 hnd i Q8 FicQbRR WS Berein

i ndi cated, all nunmbers expressing reaction conditions,
shavecthi serae meé@ng evivcenmanly um@r@boctbmm@ﬁﬂrémalafrﬂkﬂém the art

f ecification and clains are to be
ugodvélgls %% mven{) l?lesigrﬁﬁsdl fied in all instances by the

t ¢0028] about Unld¢ ﬁﬂfeﬂ«\\l@@in)dlcawaﬂ &1$ Suth Btk eRpredhitOrehdion
contrary, the nunerical paranmeters set forth in the

f 61)111(5'%’%9 stelsBiontatiaes FGCRtFIions pheqrarpienti #hsl sqrfarth used in the
a I P 5.19({151&% l%{ e stéj&pﬁ%%k{%gm@&lﬁ&?ﬂﬂl Mgtgﬁces by the
alytica

specitTic an nuner| Ca
I ndrer‘@bblty’ acodrdingdy, GJEYeSs&IndloEfedOdi gherveagsigathicnymerical parameters

res tlngfro t.he st ddV|a found in its
r é%t'g%lﬂ in,the tf%l V1A SIPF@ gttacgl@;gagﬂms&ge ARprgximations that

he{Sivary e%%n&ﬂ al ceh %Fén th@% 5‘@1ﬁ9 Q@al?ﬁca%ﬁmgﬁ& ORR) Rumerical

sel éct ed from thano et h propanol
bwalan mheranﬂglcumuamg caittdin bcrrovsrnelcsﬁsamlysesmﬂtn@ﬁd)rn the standard
cqmpound odi nents a described in

- aran el eSS Bt Fores BENE B ano: 1 he
| N0U29) i On caR BéSRerbi, m@@laﬁvﬁﬂolh’ﬂn@aﬂﬁﬁfé%fr ntd¥@hlcBhM§ Selected
hi gh selectivities to nethanol, propanol, and/or

b fioanekthaggl, @ém% mopsehiand birenel, tic lsierlgeait knoiwr isgmerg of such
mﬁ&mﬁ nonld.’s %nde e%lb%%%nents are%%%c? Telatltog’ ao %g selectivities

neans one or nore al'co S se
etchaﬁﬂiol, thE aRentdn caantkobit@an@lced ime hddhdrghalgivds hdpsclectivitics

| %oorrrrlgtrhfmoolf propanol, and/or butanol, or certain combinations of selectivities to
methanol, ethanol, propanol, and butanol. “C,—C, alcohols” means one or more
alcohols selected from ethanol, propanol, and butanol, including all known isomers of
such compounds.
[0030] Methods and apparatus for producing C,—Cj4 alcohols from syngas are
disclosed herein. In some variations of these methods and apparatus, syngas is
catalytically converted to methanol in a first reaction zone, and residual syngas from
the first reaction zone is then catalytically converted to ethanol in a second reaction

zone. Referring to FIG. 1, for example, in one variation a syngas feedstream 100 is

introduced into a first reactor 105 comprising a first reaction zone 110. One or more
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such compounds. [0030] Methods and apparatus for

producing C -C 4 al cohols from syngas are di scl osed
wheeele3sd n sone variations of these nmethods aP@I/US2008/069071

apparatus, syngas is catalytically converted to

met hanol in a first reaction zone, and residual syngas

fromthe first reaction zone is then catalytically

converted to ethanol in a second reaction zone.

% tgléfsts]g e 0';1:3%60%611168 C|8%V6| (4 g%m n?s%{l%fi %egﬁreal% 100 to

r ﬁ&@ﬁaﬁbl tbQﬁoﬁ@dﬂM Imsdrp@datd prb&ﬁlct @&&hﬁ i1 O caapiesidd & 1490 portion
or norecatal ysts in reaction zone 110 convert at | east

aopetrroduabfunggacidd syneay Sopefspdsiisom: 190 methane)) andgin some
g?gﬁhﬁﬁsqﬁleBE%Hag @5skaﬁgﬁ%g iohth6@MsL15 conprising

east a portion o e resi uaI unr eact ed) syngas
f [@B1f eedst redeastlOportioe bhmntmnedatethrodurt stoeaen 115 is introduced into

vari ati.ons, hi.gher al cohols and/or othe ction
pﬁéaqp@figeac %gég]comprlﬁ@&étse%o JFAqteR 2%e {7#[ e‘?‘%Fe% rgerg catalysts in

P E&@H&ﬁ 2 128 o3t 4tScdshh pORSH sy ipad fﬁnﬁ%&@ﬁgdlﬁﬁ%&ﬁfct
120 conprising a second reacti on zone . One or nore

C atlr@dny $1Sandionat ezt oporiomef mthanglrfven untatrndd@a@proeluct stream 115

rtlo%4of s% ? as frﬁgilnternedlﬁ Er@duct stre n1115
afP'gy 145 nradiiet STeagh Y ernRits et RAIRS Ang Py pme variitions.

| pfcetamedi hggh er AESHHIE bttt FRedl g dh&s, @6k dBreactbd SEisas from
stream 13 conpr|5|n3methanol and, in sone variations,

nﬁﬁﬁ@ﬁ@#ﬂeﬁméh@ﬁﬂﬁmﬁ ®l's, other reaction products,
unre%%bgg%f %%mgo?ghiﬁﬁt H%P%ua{%gﬁ%%xmnph

rea 115 rious onpone

st:ﬂeetalﬁbu 3thasoele iﬂcalsol n’ilm‘ur@)(afg”ph&theﬂiﬁt ie&taﬁbl., afd/biefigher alcohols),
al cohol m xtures (e.qg. t hanol , et hanol, and/or

h Pgkrarang) %@?@teél)synwmy bea%?ﬁ“ﬂ??ﬁ@&&%@d%?%@é]é’) Reryfigsby the
des Al &?1%995 i8Ld ﬁ&‘ém(&@{y' c%ﬂ%dt%hal%étk&%sé ﬁ%lg% g&gggﬁxﬁﬁqgaude,

ereln or conventi ona
rnﬁtrl’ﬁxdlslpl'eaghsﬁ}hz{ﬂamcbﬂid niambrexasgph@fion psicedskassd well andtying or

menbyr ane aration. processes as well as drying or
pBPﬁl %@'lt&[g‘m@ﬁ‘f‘!ﬂré@e@ar si eves. [0033] Syngas

f esua3j r eam $9Q%Med§ﬁ"ed&‘ﬁ Qﬁﬂ‘ﬁﬁ b'e'br&i%)ée@ﬁl' n?/k%hﬁamﬁﬁﬁﬁer
known to one ordinary skill in the art from any

s &ncv\am keorfeedsdioay. skllhlngbmrt \rami ity sortgble §qﬂdgtask In some
or .ot herw s

10
SRS ATheftetPbin 18D R e hlifey o hiBhPSE Ebiftioned prior
1@bbeifm@Mt@Yacgal ifto I‘é@(ﬁ&oﬂ)Sd IFX bgt@nplb), Qﬁﬂﬁiﬁ&hoil@é, WeRLene, toluene,

ethyl benzene, xylenes, sulfur compounds, metals, and/or other impurities or potential
catalyst poisons may be removed from syngas feedstream 100 by conventional
methods known to one of ordinary skill in the art.

[0034] In some variations, syngas feedstream 100 comprises H, and CO at a
H,/CO ratio having a value between about 0.5 to about 3.0, about 1.0 to about 1.5, or
about 1.5 to about 2.0. The H,/CO ratio in feedstream 100 can, in some variations,
affect the yield of methanol and other products in reactor 105. The preferred H,/CO
ratio in such variations may depend on the catalyst or catalysts used in reactor 105 as
well as on the operating conditions. Consequently, in some variations, the production

and/or subsequent conditioning of syngas feedstream 100 is controlled to produce
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et hyl benzene, xylenes, sulfur conmpounds, netals,

and/ or other inpurities or potential catalyst poisons
worespoe9ssenoved from syngas feedstream 100 by PCT/US2008/069071

conventional nethods known to one of ordinary skill in

the art. [0034] In sone variations, syngas feedstream

100 conprises H2 and CO at a H2/CO rati o having a

val ue between about 0.5 to about 3.0, about 1.0 to

| n?r?gtéls g} \Elh%gﬁ %gtg%‘latlo w1§h1¥1% rgl? Oeu({esnecp tto Oé)tl?mze ?C%(e%éig%k é

can, 1n varl a

Yy peddictddn ofrh&anall, eamlomdﬂ ebthnﬁadaml gnd Bthagsct or 105.
The preferred H2/COratio in such variations
dé‘kﬁéé on t REngstiegdyeany 0@ maaroyg@%allasb@dﬂrﬁﬁu%é@pé/pr heated by

Con sgl%sy&é %n@t?ea%?s %‘B?SM{) FHbP® &?&ﬂg T 105 In some

uent In's vari tlons pro uction
a naidia:trons leyﬁwlfemstream dDO ioteirsngaceér KBray ascrheeatater efavout 300°F

100 i s roll ed to prodyces as havi

R AP RRF g e et S0t Y0 o5k atoat2 e e
PLRBHEHIAR, B (RbOAAN is b%fv&b%ﬁ%out@roo*lﬂtbrhb%ttmm'ab@r!i}d’lOO"F to
et hanol . [6035] ngas feedstream 100 may optionally

bebqut 6681 prewushN°brio hleatt 680y T ompe embodisicatydthe pressure is
R TS LS8 D EASHBE e 200

19§ga@a@nﬁggmep§gure of about 3000F to about 6000F and

Eressure of about 500 psig to about 2500 psig. In
mbodi Meagter 1&Syaay baryer xpe pecataly reropetensutsbletfor the

Eé’%{éf%%b@?%%é@ou{ nagBboton BTuES cine Hling  hicher

paRebals eindr akhey broddles PRiegetdol 08haat, fd:0XAmpsd, be a@;bmitable fixed-
1000 psig to about, 2000 psig, or about 200Q psig
aBed teasiepolnyomy. varighas rq@é@&#% corppyises {ubse ﬁHF@/ Wﬂ%@e §f more

CRbaf Y] @yfégﬁ%g%g?gsﬁﬁhfl%hltﬁ {u%s SR %QX@[E?’!Z&{‘I‘GQ&IOHS to form

syngas to mxture conprisin
metatfanol gndhingvere alrieobiod, hl,ghalnzdécoholmﬂm]nermrmﬂmtst dn some

React or 105 for exa be any. sui tabl e fixedbed
egt)%rmnrs Cag%&e S 9SSt %e1lrté££vb¥ hqpBeRSHEY RIRES

WB‘?] fill e@e%t&ﬂ"lﬂy‘fﬁa)gﬁ pEYRE Efof Bt AhMS tenﬁ)é@fgﬁl%s of about 400°F
passi ng through the tubes undergoes cat al yzed

r eaaloub A0t @nd of pressetdyari ebow 380 phig te abwit 2apd psigofrsgome
TS BB B b Beh BB s o 500 o
hapag 0eTYs: bas 600°F A9 30dut Rea®t an sdid chmydiaRatsathe présdiire is
e)a(l‘t?or{le I5(%0 p?ltg tg ggfu? rl 8(%(54I Lselg, a%foutalbo%ldtpsﬂgot(o)%‘tfout 2000 psig, or about 2000
psig to about 2500 psig.
[0038] In some embodiments, conditions effective for producing alcohols
from syngas include average reactor residence times from about 0.1-10 seconds,
preferably about 0.5-2 seconds. “Average reactor residence time” is the mean of the
residence-time distribution of the reactor contents under actual operating conditions.
Catalyst contact times can also be calculated by a skilled artisan and these times will
typically also be in the range of 0.1-10 seconds, although it will be appreciated that it
is certainly possible to operate at shorter or longer times.
[0039] The reactor for converting syngas into alcohols can be engineered and

operated in a wide variety of ways. The reactor operation can be continuous,
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to about 7000F and at pressures of about 500 psig to
about 2500 psig. In sone enbodi nents, the tenperature

WO 20000098¢€Nn about 4000F to about 5000F, about BOD0R2008069071
about 6000F, or about 6000F to about 7000F. In sone
enbodi nents, the pressure is about 500 psig to about
1000 psig, about 1000 psig to about 2000 psig, or
about 2000 psig to about 2500 psig. [0038] In sone
en@rﬁ con %? s r%%g)nf%ht b%Pf?]ag f f a%svsu%staﬁ?tlall c%ﬁ%’l Iguorug émca %tnsteady

t lstmsls bfdﬁﬁ’abﬂéo The @loﬂvph&eﬁﬁ@ﬁﬂﬁf‘subsmzﬁﬁfaﬁp ahlgyfl@baubstantially well-
0.5-2 secqnds. "Average reactor residence time" is_the .
nBHRCh P! § Hewnséradistucan; thesegrtempp ut hoo s dirggion g b yertical-

g ﬁfl&!{)tv?'eréﬂ&‘? Qb wRARLWA I%S%Bﬁ‘tta ng v%Ri%g {)dnﬁgﬁraﬁgﬁtcﬁl YSpreferable.

tact tinmes can als ca cul ate
af@049hn and Thhésactbr’'nma aviuklly by piseddsloy natlvxmk bé&sdvaral heactors in
range of 0.1-10 seconds, althou%h it wil

PP ERRERETHRY FF GRampley ORIy aﬁ&%%%th@ r?a&tqm@m@pées a large

ahuSBer §rehbQfillc@REEY odel JF8Sore LAQBAU. The reactor for
converting syngas into al cohols’can be engi neered and

optHadi ed i nAaywidely aatilystyorebmbenation Pheatalgsts ray be used in

can .be continuous, sem continu , . 0r . batch
PR IR e S r SRR R Pt ob g ARSIy, to
S hRAdYalsd iRl LardddortiRfr Pratlcs. Shheblt Icéwly@t@tnﬁe@rlﬁclﬁé‘@ bmeare not
substantially plug flow substantially wellm

f ligwiop 42.t08e BT BeraecfnQ/haL., QMerI@TEQI/ZH@/é\lf@So@u/ZHO/ CrzOs,
did 2hld apﬁ\ﬁ&Sbéo%ée (E}Jg}/§ %fz‘g Vo <Y ?\flido‘h@ﬂoésd QI B 1:%6nd any

hori zorft confliguratron

poefherfateleing [iD Oskabindtien Witk M:It @id/orcan TAE hdditiory oiﬁ&sﬁ promoters
series or network of several reactors in vari

2R3 RirldrieNA SR Doy AR BRIRECaSPhS GRRVIDAMIEIcBYTY glfeme of these
£ild
gg%ﬁ s fSOTRSHORE SBa%%cl S@B?Lg e?suﬁﬂp%ﬁe kaaﬁh’é’ H drld rall% é’é(%'?xrletals

nore catalys y swta e cat
c Ndmmeta]lm hasds camtlab yatvs asreffedbiec psegoters, me;antembbﬁﬁnetrms

YT i CRAGAGS et DN B GrrDHBRORsLL e catalys

SRRk @at B aLyFi %ﬁﬁ%}n‘%ﬁ lstderhafayt cﬁ’ﬁrn%st‘ﬂgis I %‘rﬂee‘j
to, one or nore of 233, Cu/ ZnQ

C@ﬁlzn@@nmassanaﬁﬁ@zlmw defli@ticw @fmtmbl Bhe Mtal$st can take the

F P B PO R RHH PGPS O Ve Ceatalys

@ngﬁolrt(l@ opﬂbﬂéﬁ? lefnpgyREDhE KSppoet llay &ssuthab an}kphysﬁﬁl fdfelh such as
226]{16}% §glller1]rgsr ?nao%glslthtlchceha%gélls Veltcf yThaens?lpgoerltser%g;I glc tcgprgglpl?e?cgf with
active metal species; or the support may be treated with the catalytic metal species
and then used as is or formed into the aforementioned shapes; or the support may be
formed into the aforementioned shapes and then treated with the catalytic species.
[0043] In some variations, up to about 50% of CO in syngas feedstream 100 is
converted to methanol in reaction zone 110. Intermediate product stream 115 output
from reactor 105 may comprise, in some variations, about 5% to about 50% methanol,
about 5% to about 50% ethanol, about 5% to about 25% CO, about 5% to about 25%
H;, and about 2% to about 35% CO,, as well as other gases. In some embodiments,
intermediate product stream 115 also comprises one or more higher alcohols, such as

ethanol, propanol, or butanol.
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catal ysts for alcohols. Basic pronoters include

al kaline-earth and rare-earth netals. Non-netallic
wWha®enowssn al so serve as effective pronoters, PCI/E82088/069071

enbodi nents. [0042] The catal yst phase can be a packed

bed or a fluidized bed. The catal yst particles can be

si zed and configured such that the chemstry is, in

some enbodi nment s, rrass transfer-limted or kinetically

::)Igm“té‘fg, ;Pg%lg?lé t10 1nt keedlg g gsc’igcrztgs}t]r arnallg V\ﬁi\}\ﬁ some

avehdtiny, siffestipp gi:elld bﬁetnzmdl Qﬂﬂcabﬂhyr lﬁﬁ'ﬂlll@s/ﬁﬁeadt&elmu Perpreferred

assume any physical formsuch as pellets, spheres,
wﬁﬁ/&@ fatiodn éwéhY?éwélonSeméy denead e ;slpfowtt@ymy cfalysts used in'reactor

Cq9Ph Qﬂv@ﬂ ta?BlE ﬂle}’M tepa‘uﬂg Ebﬂcﬁhg‘ﬁ:‘st ¢he gl?al yl%:?lo iR Entéljlﬂ?edlate product

support eat e the c tic nmet
S pmmnei;l.’amil diffenfrormeahhtad fécdstorant Iﬂ(msda iemiloofl tkeaéctions occurring in

afore ned shapes; t may . be forned

i Hiagtor a THIOB e B Ay ¢ q?l-é?gég’ ?‘lé?tpéa‘q%it gifpam 115
t BEovEds %' h\I%He? eﬁﬁﬁ&'ﬁéld il Q431 limth§9 %u}/@ﬂhb @H’Gm Patio ¥

t 0 about CO’in syngas feedstream 1

c bredstreasd10® Imndamﬂatlpns opetiponf racter mioto produce methanol, for

I nternedi ate pr.oduyct..str.eam, 115 out tor
 BRTE SR LB ML oSSl SR B o AT BRR e
ab@uip’6reriaRenatld irkadtor 330t 0 about 50% et hanol
about 5% to about 25% CO, about 5% to about 25%H2

at@f4dbout 298 err avEwLc, duisiomm 19(scamprisca syngen vithgadbdCo ratio
| pf SRITE 1 STBRALIBNG Sy e %De%#ﬁ&jh 8%18 qﬁgéroaﬁ&l%ﬁ'@f%&énol in
SO conpri ses one or er al Cco S, such as

etduatonll 20 py ahpanol Op@ﬁtl&ubﬁl&ﬁ)&to{ Db Jprddie e nidAlaRor @tth® example
in internmediate product stream 115 can, .in sone
vAenlgics Bladn thgmyegas 1o Aeergases te /(9 matioin insemestiaie product stream

p"li’ﬁ'tbcé Fall@clo&3%6 9'an %ﬁgrs %Bfov% ﬁfe %‘El{a?lg %{d@%&a%{drqmnln

such variations nmay depend on t cat a
c atr&liy sibodisedtsi the rceatytst)m rt@@oral)Svie b ICudsn@halunhiea catalyst.

0 ingcnditi s. The H2/CO ratio.in inter. i at
T@[ﬁ@lt st r &Y 5 YCEY of P PE P%?ﬁti‘lﬁfé‘f regetof %‘Eggﬁrfgﬁﬁﬁ
1@9{1@%1@11 bLSMbLs, ﬁfetﬂaﬁéphhcg ng%\g%lﬁlﬁé Hﬁtﬁaﬂol&@%ﬂ{aﬁél ahdD-

In sone varrations, ratio of internediate .
P ppmmﬂlysnorlem msh(pis enrd/dle@th@r hpduney. Realatond R0 maglb@ ajnp suitable

1%665 ?’ﬁd %ﬁi&tﬁr ga ar ?"&P}pé% fn 58618 é‘fcligb‘?%lso‘fea?%%%% ?Oni%*e% g‘lbes filled
PRagme oreidiaoshlystk. OSy?ﬁt S ARY/6r micthafi6! gﬁgsmgmdnl?g‘h@& tubes
0

rati o of the sy reactor 0 fromthe
suagrIpesisbriage @fq%mdweayqtlgnqjtq farm ehenejrangdig some variations, higher

alcohols and/or other products.

[0047] While not intending to be bound by any particular theory, it is
presently believed that the methanol may be converted to syngas and thence to
ethanol, the methanol may be converted directly to ethanol via a homologation
reaction, and/or the methanol may be converted to ethanol by other mechanisms.
[0048] Reactor 120 may operate, for example, at temperatures of about S00°F
to about 800°F and at pressures of about 500 psig to about 2500 psig. In some
embodiments, the temperature is between about 500°F to about 600°F, about 600°F to

about 700°F, or about 700°F to about 800°F. In some embodiments, the pressure is
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[0045] In one exanple, feedstream 100 conpri ses syngas

with an H2/CO ratio of about 1.5 to about 2, and the
WQe@beoased H2/ CO ratio for production of ethaneCT/Us2008/069071

reactor 120 is about 1. Operation of reactor 105 to

produce nethanol in this exanple depletes H2 in the

syngas to decreases the H2/CO ratio in internediate

product stream 115 to a value closer to 1 and thus

i mr h h i.eld in tar 120. ert apin

o AROR 3B bl U100 MG, ol BIBHT i a0bl] S SAdur 2000

Cpbignéhedus 160@pgigt al yst. [ 0046] Reactor 120 nmay be any
of catalytic reactor suitable for the conversion

fa (?@Qh?as, A RIS caiplaptarr cotphiution Phgatahysth By Do tused in
gir(%gfr&? 126‘%%‘&99% 0@ oY c%_é\%r%}ggasah{%ﬁﬁﬁbls g@tpgll Shgas +

product s’ Reactor any suit
f imoegdinbEtd atleaot ard, oftionaly aohligher hlooksasrend/air athtr ppoducts.

reactor 120 conpr.i se ubes filled wth onpe r
cSf %9@5‘@;3 nidy b HeCARBICHs %‘?ﬁb’@?@{aéﬁ Gign.
t ehies WALRY,I066/I0,[ART CoaY &1,1Z Mo/ BBINIBRS NI/S, NOMY/S,
ethanol and, in some variations, higher alcohols

ahd/ ey Motth &b/ P 5 e R s My SIg4 /R hARKE bt/ Bibk., RivMm W Gg-41o Cu, Zn,

be.b ny. particul ar_t heor it 1.5 presentl :
piy 025 il HB R b RRB The o hoF PR e g g sLi Na
aRr®, thenaerf AcRhHIMY activh an® iRty GRYoRE o FMBYETat B kts for
directly to ethanol via a honol ogation reaction,

anthaeel or wthorrkp halpeholweljasireprometey ingtide glkalineragth nd rare-carth

otn{%?a{l .nﬁgﬁgytaﬁﬂ@bask? 95}1821150%% at refﬂeéﬁxé%@%{n%% %% ?Ofg%or

exanpl'e, at tenperatures o out 0 abou OOF
apghbadimpnessur es of about 500 psig to about 2500 psig.
In some enbodi nents, the tenperature i s between about
50U t 0 abSutorspeBRodinspis: cabdptETor soasios 20 pepmeludgone or

abyit OF@IQ@EI‘%(%, ah i ,ch?gEO/Alz 33@?1%/%?89@&@7{"@%@%0/3,

pressure isabout to abdut 1 psi g,
1000S pSo/y1d/S, RivdUBi(RORE/NISSH),, Bh/ Eiliwdt/ SROH RhpdnMEM-41, Ni/S,

500 ' 0049 i tabl talyst .
o S8 NERB s i) yatad R B o E i Mognd/ar V.
Calalny 28y 6BREL AN FORKEBE ddho? ¥BGRSilFBEA AN bne MR asic

syngas + nethanol to ethanol and, optionally, to
hipyimeateral cohol s and/ or ot her products. Suitable

SR 3L2 TR B A U0 ot scin s

Ca () e 28, 268be Mafilr of8/cVtheSand¥. /KafedhédMB/aSfirst catalyst” and
“second catalyst” in conjunction with reaction zones is a reference to different
physical materials, not necessarily a reference to different catalyst compositions. In
some embodiments, a certain type of catalyst is loaded into both reaction zones but,
over time, the nominal composition of these catalysts could diverge somewhat due to
different exposure conditions.
[0052] Product stream 130 output from reactor 120 may comprise, in some
variations, about 0% to about 50% methanol, about 10% to about 90% ethanol, about
0% to about 25% CO, about 0% to about 25% H,, and about 5% to about 25% CO,,
as well as other gases. In some embodiments, product stream 130 also comprises one

or more higher alcohols, such as propanol or butanol.
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Ni /Co/Mo/S, Rh/Ti/SiO2, Rh/M/SiO2, RhTi/lFellr/SiO
2, Rh/Mh/ MCM 41, Cu, Zn, Rh, Ti, Fe, Ir, and m xtures

W@ b@peef3s9 The addition of basic pronoters (e.gPCKPS1008/069071
Na, Rb, Cs, and Fr) increases the activity and
selectivity of sone of these catalysts for ethanol or
ot her C2+ al cohols. Basic pronoters include
al kal i ne-earth and rare-earth netals. Non- netallic

b can a r ve ffectiv
TR rant o FoponBey iR R St RIS R By 3G
r pagiuot strkdl 1381s sdpatatsief-en §ratuchBramof 3040 (ot ﬂe@stream 135 and

Cu/ ZnO Cu/ ZznO Al 203, CuQ CoO CuQ CoQ Al 2383,
VEgeECleddapghs cagtay 123§ tojfepherppgrrase gooesample, the yleld of ethanol

R%%o{ {/gétl ([e/s§é rodud)/ Nﬁé%é}} orhh Al i ﬂ{géée variations

and any of t or€goi ng 1 n donbi nation
wuhizadthd Slyn@hm in pfodégaiream adly 1s(réc3tctmisthroﬂngh adagsir 408 &p adding it to

(but d ot ne [ i ncl ude one or e, basic
p.smﬁ% s “[aﬁbg% Sﬁ}ffel %%ﬁasr&a BHY F UBHIGPl7s b, i the
I GRELAES sﬂx%% s #toddQ str&m 18RRIARNARNES QB J?&gél sulfur

can be simlar or even the same. Reference to a "first

c atl&unyeomponmds, tnstadondothat mbiesin!s thay campisercmicdanglicatalysts in
reac£O gﬁ zones is a reference to different physical
ST AP, not necessarily a reference to different

cadom4yst com@sid idSvarlafiosPiBrctaROIdARAES 130 ¢Lidded Fo
type of catal yst is |loaded into both reaction zones

butermegdiate progact strpgm ddfonathewoipisvdicsd tofcactpsd 20 to further
t
Tl SO S She ARG ABTRINRY o el BeSih ety oy

f epampleaatthinol 20 prodyctGaaRn 136 madyrbesop@atéd (h@lsh@ns) from product
about 0% t o about 50% net hanol about 10% to about 90%
eﬂﬁ%ﬁ%ﬂ 0 tonfom ferststrerny b ancthen taoyclap dripugivrergonkidtMethanol

25%: Bine AN D AHY 12T RHRUL \2H Y FRent 0 RbioP P2
SHS

ot her gases. I'ment's, pro duct stream 130
al[@sStonpr i éresormmearmtlom:; oee b glbef cagdlgohol rsacteuty, ase or more

RRBAG 'y el | S0r by eeePE ey AT pROAT LS i aer 120

1 39[&11 Se BRRBN SN HFr oD, RS ﬁféﬂfahols P 6 @SR 8 f hf%tlfaﬁ{)ﬂh reactor 105,
feedst ream 135 and recycl ed through reactor 120

f mame A29,we e heth redatars exex r’rfpltl@ereb}h@lhﬂn@lddayoionstrhmml of CO,

a aaes?rft 6?1 syt}%r%s gegﬁ,lglrre%g} ﬂgﬂ? idégq%ltggque l}tl,enrl rs‘glrtne \\/fgrll?}{dong,rCé)zn is added to
syngas feedstream 100 or the production and/or subsequent conditioning of syngas
feedstream 100 is controlled to produce syngas having a desirable amount of CO..
Suitable catalysts for converting CO; to methanol may include, in some variations,
one or more of those listed above for use in reactor 105 and reactor 120. Enhanced
production of methanol by consumption of CO, may result, in some variations, in
enhanced production of ethanol by conversion of the methanol to ethanol and/or by a
resulting favorable adjustment of the H,/CO ratio in the syngas stream introduced to
reactor 120.

[0056] Referring now to FIG. 2, some alternative variations differ from those
described above primarily by use of a single reactor 200 comprising a first reaction
zone 205 and a second reaction zone 810 rather than two reactors. Syngas feedstream
100 is introduced into first reaction zone 205, wherein one or more catalysts convert
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unreacted syngas in product stream 130 is recycl ed
t hrough reactor 105 by adding it to syngas feedstream
WA ®9/004389 | att er approach may be unsuitabl e, hPUEUS2008/069071
if the unreacted syngas in product stream 130 is
contam nated, for exanple, with sul fur, sulfur
conpounds, netals, or other materials that can poison
met hanol catal ysts in reactor 105. [0054] Also, in

S g{%as\{ " ion 0 rg% anrn flﬁq gosllnet%gl%%l eof' &{oisvzde%gfje%%e&igte

r eam

i @tdd@dml%dmt 1q5roemph@1mg L2Ratta foutidhef the Defceas®sygds from
exanpl e, the yi el d of ethanol and/or other desired

pf?i’éﬁf&aén Hh meghanah ead. ipsema Naiations.Jr gk alcobels angron aher
rr?é’afc nﬁ%ggéﬁ‘t ﬁg 16(1@‘2 Ocﬁ‘h&ﬁ"@@ I&&Q&Q{egﬁ’&gfct Jaﬁ?ﬁSjﬁgntroduced

Stream 140 and then recy roug
r @&aco sarond Zﬁctlmmmrﬁilﬂ whamoat bemosa)wtaigﬂs oawetiet least a portion
%roduc .as we or jnstead,

8bBEEY HowdREs™ lf‘tﬁtpff tstegamt 1&15%340% af, tﬁ{am%oq ¢f methanol

r ERAT Bferrh8FiatcPOIRY sQInE1 FRlAIYwlS fd@lu&t%%%&lﬁrlﬁ%g ASing
one or nore catalysts in both reacP reacp

12thaceltaallynsomk eagativner withanddf 1@@1¢r@1mphamen reaction products,
uction. of nethanol. in reactor, 10 r tor 120, or

g S M S R

CPOUINPt | ONRRACtHR MW EEDBE anytypy BPAStabReA&l RN bomprising

Consequently, in sone variations, CO2 is added to

s (1@ a5 MPEci§ 8¢t o 7eNan d)mfattQﬁleOme@tﬂﬂéﬁﬁYabﬂﬂl@ﬂaf to the operation
S HPf gﬁ%fs”félsca%ﬁci'zh ggwrﬁ%%d oY 19 @Em&ﬁ?‘ Eﬁ 5&%&%9 Qioh$ th

con ce syngas’ h esirab anoun

otat@IgRts uSed fﬁlabziceloﬁﬁiz@iey 208 afﬂcDSl(Dzﬁdetﬁé bpérgtigEbnid@tions for the
nmet hanol may include, in sone variations, one or nore
ofcacHRR BNCp dtedhie sBRs & Froimilardothpse deretespectis!yafsgetion zones 110

I SAE 1 désggbedifb%?ﬁc@ge pd'rg}gduéfﬁdng 13 HterRu[: wjod@éf stream 115 and

consunption of in sone variations, In
e pfmimctaﬂrepmdaﬂanayo m mmeevdmnohs by tleonweras ioo sinofar tm‘daose for the

met hanol : nol and/ or Iting favorabl e
aafra@fq%ﬂ?sca 41 VEpY! eﬁ%ﬁcr%? el hgyg%glagr%dpﬁfe%ﬁwm 130 may
I Bt E&%Hl‘é@%rbﬁ’gl{ RAI A z0h€ 810 [)99&@]1 tcRFé‘e%tféaﬁﬂlﬂiPVE@?ma y be

FI G , sone alternative variations differ fromt

d eddndi th egingalb &ﬁésimaurmwﬂ 4>1ythbprqsﬂgetmf argl/qgisnequeng gonditioning of

- R SR BilP e B R P bR S NV SR

f e@daht' FA, for enhanced methanol production. A methanol feedstream (not
shown) may be introduced to reaction zone 810 to further increase, for example, the
yield of ethanol and/or other desired products. This methanol feedstream may be
separated from product stream 130, for example.
[0058] Similarly to the two-reactor variations, in some of the single-reactor
variations the H,/CO ratio in intermediate product stream 115 can affect the yield of
cthanol and other products in reaction zone 810. In some variations, the H»/CO ratio
of intermediate product stream 115 differs from that of feedstream 100 and provides a
higher ethanol yield in reaction zone 810 than would the H,/CO ratio of feedstream
100. In such variations, production of methanol in reaction zone 205, for example,
improves the H,/CO ratio of the syngas fed to reaction zone 810 from the standpoint
of ethanol yield in reactor 120.
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100 is introduced into first reaction zone 205,

wherein one or nore catal ysts convertat |east a
w@rwioanssof syngas feedstream 100 to met hanol P@I/US2008/069071

provi de i nternmedi ate product stream 115 conprising at

| east a portion of the unreacted syngas from

f eedstream 100, nethanol, and, in sonme variations,

hi gher al cohol s and/ or ot her reaction products. At
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frominternedi ate product stream 115 and/or at |east a
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in sone varl ations, er al cohol s
phhmducﬁaﬁ’eam B30 baxdbm@araaﬂloh/ndrpuuﬁeda h;z t:mdvea;amgaémefthanlm

ter d|a r.oduct ean1115 0 React
ygén 6‘?“1%8 %ﬂ riagens, bl ﬂ%@a’f&“ﬂ‘b? fhtcmodiate

C ﬁfﬁﬂﬁlbtss!tﬂ'égmtl\’l@ e Blo% MEAGH QR réARa90 afP Sfo@’ﬁde@ﬁ h®her ethanol
reactor 200 may be simlar to the operation of

r gedd mrrsacI@'SlZ&rtuam@ouldéh@Hn/EéUraab@\f écedstreapatq. du¢rae, the
in_s i ons the sed i n reactinons

, BrEE B Rl i mac Br S Dy ST REoHN TR 18P e
I st @h HABRIoraN2® ih BemS @ﬂﬁie?esvaﬁ?fatlﬁhsm lar to those
for, respectively, reaction zones 110 and 120

dEMI60] bed abbsane Hatiopnmetianeldnaragicidnt dighadpldtie a first reactor

d 0
DA SRR AR PLBIHEL SRR BRI Lyl Frved
v alithatfeadi®c GeBIG. idhkdcréirdvie nwiré bethiébplest to FIG 1.

Sﬁ&§$s in product stream 130 may be recycled through
ion zoRefegrapg iy F Igaée@r@@m@éd@ﬁp@swqwnsww

th 160 RXRQRRiA %&%ﬁ@dng%ggh&{omhgﬁ OAUEN 1105 at a yield

or subsequent” cordi tionin syngas stream
1 Oﬁolﬂfa:y)nizmsmm of €0l ﬂoeniethmob)rafdfmu’: exayplgas lé'aat/ahmgt 80%, preferably

Ssg%%%tgL%%pﬁ %V%]féﬁ&ﬁ Ct. e%&gl%égce lgqelyé g.%l)\xlﬁl)‘ly Hg&acblgated for

| gLdRelY Oﬁﬁsebﬁ’raflﬁgflﬁﬁt' s@ﬁle7di’ @%Mafl? afl Hf Hf%%ronlrﬂé:tﬁﬁﬁﬁ €omponents
for exanple, the yield of ethanol” and/ or other desired

P nmuﬁtm’mdlamrgdum stneano 1 15 sealstaanadfithyt ibeccyelpd thapegh reactor
f28€1product stream 130, for exanple. [0058] Simlarly
t he two-reactor variations, in sonme of the

Sijoupg- r eaCIA@lrun\f@dyb@tilp@ftfﬁontdfentbﬁﬁmté tddact $fream 115, rich in
i nternedi ate product stream 115 can affect the yleld

ofmeghangh & (oafienadly hevixqdrwiduznashersyngss deqdsticann AL Buovida
SPNRs YA 8{4 RARN id ﬁ?roﬁ@ge%tro dcPor 120. At leasta portion of the

methanol and (optionally) syngas introduced into reactor 120 is catalytically
converted to provide a product stream 130 comprising ethanol and, in some
variations, methanol, higher alcohol, other reaction products, and/or unreacted syngas
from feedstream 515. In some variations, unreacted syngas in product stream 130 is
recycled through reactor 120 as feedstream 135 and/or recycled through reactor 105.
Various components of product stream 130 may be separated out and/or purified as
described above.

[0063] In some variations, the ratio of methanol to CO in feedstream 100 may
be adjusted, for example, to optimize the yield of ethanol in reactor 120. In some

-14 -



of internedi ate product stream 115 differs fromthat
of feedstream 100 and provi des a higher ethanol yield

WO p00986s389 on zone 810 than woul d t he H2/ CO r at POT/082008/069071
feedstream 100. In such variations, production of
nmet hanol in reaction zone 205, for exanple, inproves
the H2/ CO ratio of the syngas fed to reaction zone 810
fromthe standpoint of ethanol yield in reactor

L3P, B SO0 DR IP B0 TR RS

Fhbaut 2.0. I’Intﬂaﬂtcu&ir ch®agiimoatsp tetrh@d of BOENECO in reactor 120 is
substanti ally all) of the nmethanol in internediate
dtd-stream 115 is diverted into a nethanol product

1 (g(ﬁiﬁm 300 p %ﬁlt!ilg%w%gtktrﬂrrcgﬁ%ﬁhh% oPEarR}Qd g %Jg%ﬁ{ﬁ]

0 reac han I'n product “stre
c acactoe 168 pSulmbdmlcamzﬂylstpfu’rlréace:d 110§ nwnudntle boaire met hiadsd to, the
Simlar 0 f these t.he

t
eéénPL\%/%t%Y%? Iyt %b(#gd. I SAARENE %ﬁsﬁi PECombigian of
f Eé)cﬁ]y‘éﬁ @ﬁayocfe [s68 ﬁ?ﬁeﬁ@camﬁposlﬁﬂagle%ﬁl’}}s%%r fibabﬂﬁg €Y may include,

et hanol yi'eld in reactor 120 than would the
r &uf ac obt lﬁreé@ttttor tharetle0ol catdystelistehebgycodiic t:ompos@tﬁon of catalysts

nmet hanol advant age I h
cthaAoProBangazh i O RatEl o B au e e s s e
V§siea| | ons. 1f PRERond Bf SHBT tNERbRbHOAS HBRAGh that use a first
produced at high yield in a first reactor and

s issBefueane|apd @dﬁwxdtré@ptnoe zend Alroinitiah sengge slorien eandetipiroduced

doehg?: r%X%re[gé flrslt f’eagggt‘f Eé d\% { J%c&?({ %E@%ez&ég eﬂ s%‘me eirnbodlrnents

nore d bel ow; rring

FIHG sybgasfio frogxangdt@nali sﬁuﬁemﬁn yfid @hbaischts S8 gasas is from any
feedstream 100 |s cat al épl cally caonverted to nethanol
i Af themetaedsdesethse hersin Grchasictiduel sypgas frommey Srdirepstign zone or

CQS%&HH\%]QQ%QQ% eg for exanple, at |east about 50%
east

preferably at about 75% or even higher. Such
h |[(y}66tret handh sgmetdsodmygnts ef hiacof tht ategtthds ﬁescrubxdih@bm, syngas

aratl n r. substantia of ' the
oS wﬁ%ﬂeq%ﬁ%s a4t ehaemd & tﬁ? sefaed rctigmpgAne. In
1 %&n@%m%o&hfeﬁ%mf B9 of htmdiBods @Y G RE hbRiW lﬂg:iﬂhafn%ﬁﬁBﬁrany source
105. [0062] An unrecycled portion of internediate

pisoafided tasthe segond 1&ictipin gdnd. n met hanol | s (optionally)
W th gher S % dstr (% rovi

BB oam SRR o RERY 2RSS PhRE PG i one or

Abothedshe @a&ﬁfntzloﬁes. HorteR@mple, the ﬁrst zone could consist of two reactors,
followed by a single reactor as the second zone. Or, in another example, the first zone
could be one reactor followed by two reactors in the second zone. In general, any
“zone” or “reaction zone” can contain a fraction of one, two, three, or more physical
reactors.
[0068] In some embodiments of any of the methods described herein, reaction
conditions (such as the temperature and pressure) used for the conversion of syngas to
methanol, the conversion of syngas and/or methanol to ethanol, or the homologation
of methanol to ethanol are the same as those described in any of U.S. Patent Nos.
4,371,724, 4,424,384, 4,374,285; 4,409,405, 4,277,634; 4,253,987; 4,233,466; and
4,171,461.
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met hanol and (optionally) syngas introduced into

reactor 120 is catalytically converted to provide a
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vari ations, nethanol, higher alcohol, other reaction

products, and/or unreacted syngas from feedstream 515.

In sone variations, unreacted syngas in product stream

130 is recycl ed through reactor 120 as feedstream 135
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cs3hents” BICH URER AL ERR G BEEh Srngea i gipvicaty

apehvefted ty mkihanolds adesgeddigdaabvand Q06 3dsidual §@@Fes from the
variations, the ratio of nethanol to CO.in feedstream
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b &edsteranadb@to abobt 1500 poguind Zeddls i a1 apemnpéretukasf about 135°F to

enbodi nent s, e ratio of nethanol/ in reactor 120

i SYIg3S REchgatey hF'od’éa}eaml% it g hrat Sfanger tiatuses
CQRbinNRkh @RthelpyGehRLysts may be used in reactor 105.
Sui tabl e catalysts for reactor 105 may include, but

af@79bt | i min thas eemplhessoasthdmoth [t Al hested syngaseld S from

above., Simlarl a sui t abl e cat,al yst ,or .conbi nat i on

o Pty Mo p SRpCBtRoloR B b IS 428 SRR A 42025 are
C @bt 9$éBinf dfermBRGkt Rad JLDarmBscmed Bifl@re Apdd QUCE ti@kither bed can
limted to, the ethanol catalysts |listed above. The

c berpuristidonlhsfpipiag arrprgomanhalievacansrbed 1@ e gngrvipgwhde the other

o Rl R B SR RR L RIB R 8P RTE hBPSRIlfgen and
Usfroeh 1ihS (not Sladin )0 IGuaaheedd Ad 5 pd29a¢ebde, feaedan(it, Z0lfigrs and

the initial syngas stream can be introduced into both
t Fstals that ma pRispw e sagiangh gatplpyets s Bbyser srabRAMER!S.ARGQr more

! Eat%@rgtﬁpoﬁgmg‘ﬁeﬁ%&%ed b8dsD %ﬁ%v'bxscd;? gg‘c?@)ef%ﬁ&ﬁﬂt%l nickel,

sour n sone enbodinments, the sy rom any
t hebatevhmd/bdemon.i Bedched ether (stadthcaaderseppatedlondyglgasface-
froma_ first reaction zone. or a second reaction ne) .
[ et?eé?ﬂaqﬁofg%_gma REialy sugh o BB S} bt ATt clays
des eiciddgchrh @n%'eﬁ@mﬁ%ﬂgﬁﬁtefiﬁg@c@%]}ér SRUIekind SEAEIRDs 90 from
the first reaction zone and/or the second reaction
zgnad beds 44hd2 8 atsodittennglawhokngctof crosseexakrigen43s at about 350°F
? ﬁ]i érlg?%%t&cri] ?oggtl&qgli’t ég(?"%g gl(r)llg hfeerltoegpc Uibe With cFidd aﬁcoa}ldoij ggt tga?ses 470
from second alcohol reactor 460.
[0071] With continuing reference to FIG. 4, syngas at about 1500 psig and
about 480°F enters a first alcohol synthesis reactor 440, where at least a portion of the
syngas undergoes a catalyzed reaction in supported-catalyst tubular reactors within
the reactor vessel. In some variations, the catalyst in reactor 440 is a Cu/ZnO/alumina
catalyst. Methanol is expected to be formed via the reaction CO + 2 H, — CH;O0H.
As noted earlier in this detailed description, in some variations methanol may be
formed by the hydrogenation of CO; as well.
[0072] Product gases 450 leave alcohol synthesis reactor 440 at a temperature
of about 500°F and enter alcohol synthesis reactor 460. In addition, a methanol

stream 465 (e.g., a methanol recycle stream separated from crude alcohol stream 470)
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[0067] Certain enbodinents enploy a plurality of
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wQwe80938r exanple, the first zone coul d consPGL/USH008/069071
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met hanol in a first reactor and net hanol and resid
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ceéagmeéﬂeaugﬂmea@ac&@eﬂﬁhﬁﬁammal §yhgabRulstbaRoesi g

and feeds it at a tenperature of about 135F to syngas

pl®Hdht er 4bomepprpfécs anayAraplpy macrowaye, rahel fegpaicridager,

SRR SOBTOT L Ah AR A DFRA A8 SRy (g tcam.

syiegdfond Bormtiispwa e abadtel toAfhOilitse SRMroduetian sLéthafol. For
react or guard beds 420, 425. Guard beds 420, 425 are
c SRR BETQWRVE ﬁé%ﬁ’ff@ﬁﬂ% 6L RRGORE NVATERYEREY Bybiscd i some

P RedicaY ?J‘c&rk‘z@:ltt L §§n%a %zb%P ﬁﬁ)?@egfﬁchﬂffagélﬂg g

arrangenent OWs one e i'n service
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initiate a m xed §¥dro en and n|tro en |
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S Bldristss MRdoiRE@bSof 081 (RY) RIS Porliste RBE N %talytlc conversion
catalysts. In sone enbodi nents, one or nore catalyst

ptd moﬁnsn@lraedm ntblaed tily smis omboahmq:ntwecrth @@p@érst amblpt@ératlon
cobal

o IR BB S BRE udvs, Pl BRI 1ok PATREH Shthorey) are

used to convert CO, to CO. In particular embodiments, CO; is removed from the
syngas and irradiation (such as irradiation with microwave, radio frequency, laser,
and/or UV energy) and/or a catalyst (such as a thermal catalyst) is used to generate O,
from CO. The O; is removed and the CO is added to the first and/or second reactor
zone. In some embodiments, the irradiation allows a lower temperature and/or
pressure to be used for conversion of CO; to CO than the standard temperatures and
pressures used for conversion of CO; to CO without irradiation. CO; in syngas
stream 100 may be optionally converted in this manner in some variations.

[0075] As another example, microwave, radio frequency, laser, and/or UV
energy may be used to accelerate the catalytic conversion of syngas to methanol
and/or ethanol, and/or to accelerate the catalytic conversion of syngas and/or
methanol to ethanol in variations of the processes described above for conversion of
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refractory inorganic oxide materials such as al um na,

silica, silicalalumna, clays, or kieselguhr. One
wex@aodesy material is copper on alum na. Exit POEES08/069071

430 from guard beds 420, 425 are sent to an al cohol

react or cross exchanger 435 at about 3500F and are

heat ed to about 4800F during heat exchange with crude

al cohol exit gases 470 from second al cohol reactor

460, 07 i ntinui ng. refer o Fl 4, ..
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portion_ aof the syngas undergoes a catal yzed reaction
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CH3OH. . As noted earlier in thjs_.detailed descrijption,
| A8 WaT RO et or i 5L 41 el %ryf?rts action zone to
hygl 298 IR LAR SO P 8848 ld meth@M 2In BRduaboARSES, the Hradiation
| eave al cohol synthesi's reactor 440 at a tenperature

ofncadzecst mBIGOWRr wihthtien, ercredseotho ene gy bty sorashawase activates the
460. I n addition t.hanol. stream 465. (e.9., a

" Siean ST PEhbL R, SEH Bt Rl gatio Tiadeng Sy and/or
stUneanBrdy ) d $ynphx@dmdhbibl trbRtd?! Rl ¥gdmplasasy 4RQv fHeGBActor to be
reactor 440 and al so i ntroduced to reactor 460.

Repeicd a5 lopeet tamnonguich ap@ presoves4Bon etherwiss| ude et hanol
f ot i on. 7 ' : : 0. exi
E(glc A L' on [[19 ?ongg Ya(Halfllgﬁs %11181%%%'6,Zr%%lgtqugééfg,efaé%%,s?nsd/or Uuv

r r 460 a enperdature o

c omdrgdl idaysclh 6atirrad i o gendal, rattaadud) andéreliodeceid&salyst in the
exchanger 435 to _a tenperature of about  5300F.
sssoBd iggstiomariic. 1asgveepbadigegisnie Igadptioigingicasss nmajepular

S | SIr - : F
OS5 SLUAR AL AR Kt DR
cengonextdisd odftalgstudiahalceoleol ofstaradain cdriOemiay olf encthanol to ethanol

separated_and (optionally). purified using the .
2 OGSUTg B S VBRY: %Pf@f%gfﬁw%@ﬂgwe&%@mca #Ventdifods
( BREuSROVAer, aRRBASY ERGRY 8Y 8t thé@M ot LllERMeh{Sh dRYey d@kities to
exanpl e; be recycled through the reactors by mxing it
wbe heligyegdds tegpetbenad agacth06. HoooFathplSonsrarericaheas mectivapl at a

TRl R 1 o SRS SR a il B s
PuSCESHicheAdve( RdD frericR@MIasBeahd/bF OW didfdyah 9, mdB&ic® to cthanol
heat, etc.) to facilitate the production of ethanol.
F#gactor, for example, may allow the reactor to be operated at lower temperatures and
pressures than otherwise.
[0078] In some embodiments, methods involve introducing syngas into a
reaction zone (e.g., a reactor) comprising at least one catalyst, and irradiating the
syngas and/or the catalyst in the reaction zone with energy (e.g., microwave, radio
frequency, laser, and/or UV energy). At least a portion of the syngas can be
converted to ethanol. The method may also produce methanol or other alcohols.
Suitable catalysts may include, but are not limited to, any of the catalysts described
herein. In some embodiments, the catalyst is a conventional catalyst for the
conversion of syngas to ethanol in one reaction zone or one reactor. In some

embodiments, the catalyst favors the formation of ethanol over methanol in the
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et hanol . in varjations of the processes described above .
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c RHUPY YBSRIA Vg e 1810 BrgaorAoas EtraRoIstoPasifylude, but

OhicHo 1ihRtc8 kAR lof tH-Q@EB)std s Rk nent s, _
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us@I80{ o i r r memecmhorgmsntandhanol tsairificd $itont die pirgdict stream 130

e hoh A8 76 B0 %l S BRSNS PO BEPh R atcohol

| kfr@ahh 370 R proMseRseermalife gralucvinaraéd @Bslling il igRe8&diate
the energy density, or otherw se activates the syngas
anthdyet tbipreduce apariyisd cthaud predyst. o saimercanadenentsy dicproduct

f LESAE TS or érﬁ&ee Aol g{ré)arm 470 comprises ethanol, methanol, propanol,

butanol, and water. In some embodiments, product stream 130 or crude alcohol
stream 470 includes one or more of the following alcohols: 1-propanol, 2-propanol, 1-
butanol, 2-butanol, #-butanol, pentanols, hexanols, heptanols, and octanols, and/or
higher alcohols. In some embodiments, product stream 130 or crude alcohol stream
470 includes one or more aldehydes, ketones, and/or organic acids (such as
formaldehyde, acetaldehyde, acetic acid, and the like).
[0081] In particular embodiments, the amount of the ethanol is between about
25% to about 95% of the product stream 130 or crude alcohol stream 470 by weight,
such as between about 30% to about 50% or between about 50% to about 90% by
-19-
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aﬁdﬂﬁﬁlt S@%@TahCmbahot $treanEmBl@6£¢ﬁI&@Mcﬂfol @a&aah XW(D By Welght such
conver si on of methanol_ to ethanol %20 cur

eﬁ%d’fﬁﬂ’véen BRPUH P & taabAt 2370 ahRGW RN Bwubdsprie al?ﬁ% éé«abyewelght
/ l 0
i hRUEHIECARRAmeb SRS Bl e M EFISHIN K 2O 196 10 sbout
|ﬁO%hﬁfhE@hdnabnﬁmadBantamd@akohﬁaﬁpﬁe47ﬂbywnm§uﬁ$chas

at net at a f er n_eth t hereb
E%‘iﬁi@% "% Brvars T rebRuekng tou SlhaHoPraeieh
U%ﬁlb@&ln{'@n%r MeYfount @fdthQ pforpﬁﬁél%‘ﬁé’twe&@%ut 0398{00bol 0% of the
energy in a nethanol to ethanol reactor, for exanple,

nayodabﬂ s@mmﬂéﬂroe aotde raIQObOb%re@meW&tthN@ghtL swhras between about 1%

SRR bt hER el 190U Wr b g L hgabodiments,

| fcbRario AchébnZ®Bet (. 2%Go abdut'SeR6E Bk hrédiaPdticamMB0Mr crude
| east one catal yst, and irradiating the syngas and/ or

t Blsobeltsirgm 7 by ptright cwich 2o hetwoprabgut A. S&nir appuf 2ogr between
F&PRQ@M%Emogp(%t%J ﬁg@ncy | aser, and/or UV energy).
A o)

east a por he syngas can be converted to
e(¢082p! . Théen prtibgar mbboaﬂns@ts,ah@ corakino@® hinamalof Getoaéard

al cohol s.. Suitabl e cat9 i ncl ude, but are not

| F‘WF’P}@ES% Detypgn gout fd /‘CtﬁtaQP%]tO)sé/ gbteprosugt Hiesemy 130 qrigrude
SQIES ﬂ“og %lﬁ &t al Bét%veéﬁa@ou?@%v/eﬂ)t b%ﬂ@%% In particular
cata yst or version of syngas to ethanol in

onmbmhatmtsoﬁlemnmwd aorant eaeparc adids sdebventabdutrieftogo about

st. favors e for i on of et over
5%&%? PRdpeiahpu ﬂ%@%ffufi?a%ahﬁtsr%ﬁn ‘Qﬁ Byt%ght such as
| hERLLRRDAR 0N ANSR% Q%e I %hﬁféhlaﬁ’ binBodiRfentsN@e (cBMBRIcH @hount
of ethanol. For exa e irradi ati on may heat

mef Gannd higherzaldohotsas wmeen tboant 0d/h tenadiout §Henf élipyproduct stream

. h )

O gt PRl SR 470 o0 e A0 b AR R o bl aput 22
mpegs3nol  oved patibanodmbdilitbets @R Gep&forimcl peibatd ditillation,
and the |rrad|at|on causes the catalyst to produce a

| &3teer thag after @fstiHatioma nd drfiee &ep agpreduce the amount of water in the
product stream 130 or crude alcohol stream 470 by at least 75%, preferably at least

90%, more preferably at least 95%, and most preferably at least about 99%. In
particular embodiments, the amount of the water is less than or equal to about 1% or
less of the intermediate product by weight. Drying can also be referred to as
“dehydration” which herein means removal of water from solution, not removal of
water at the molecular level (such as during olefin formation).

[0084] In some embodiments, the drying step involves passing the product
stream 130 or crude alcohol stream 470 through a membrane, such as zeolite
membrane, or through one or more molecular sieves to produce an intermediate
product. In some embodiments, the molecular sieve has an effective pore size of less
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than in the absence of irradiation. For exanple,

irradiation may cause the catal yst to now produce nore
w@etwanei3se han nmet hanol . [0079] | n other enbodi PENTS2008/069071

met hods i nvol ve introduci ng syngas and/ or nethanol

into a reaction zone conprising at | east one catalyst,

and irradiating the syngas, nethanol, and/or the

catalyst in the reaction zone with energy (e g.,

m{ Kah 8 teﬂ Ah s%io Ui f%lr? nlg gmboc?i%lents /% rnoclec s?ev? hgy 21n effective

eas on o syngas ah

C@Bﬁé&;ﬁi@&ifab@utelhﬂgmloms'rhe met hod may al so pr oduce
ot her al cohols. In particular enbodi nents, both s&g
2HEDSS: hanoln aiher STAbGGRERISC Y AR HpmiEREs PownggheDToduct

I Qtrec‘amﬁﬁglbﬁg&é@% I ssdn 850 ﬁ%@%ﬁa &E{Sﬁ:@%%thn%nﬁlrge' variety of

i ntroduce e reaction
edbmohan’eratesknomt hiar@lkamplepdsiieertd casbaglaingd fodmtSh@,, CaO,

desc ed h in or obtained from any ot her
g‘g{?E %fﬁ@(tg‘hﬁ)“wﬁliﬁ%tﬁg‘l Wi t hout syngas is introduced
| P0d88] the r @%ﬁ{f&fnoﬁﬂr{ﬁsnllﬁﬁbﬁ alhids abal-¥sdvwen MY art, can be used
i ncl ude but are not limted to, any of the catal ysts

desdistilb &t lherreechate [POBBO]. Almy sonkcrafiditiatort lusnhanpbe

rifi omt rod 130 or cru
| PrBl bR Paidifdon 15 R R el el oati ity
13fhandsl i§ betdRcbisen 059 ras&m%ﬁ% bothRAEHEE ﬁﬂfdluct by weight. The
i nternedi ate product and then distillin

i rsherbethancd pprdodicen beangsiedelmset he puyliM 3)4’&0@% afpfcification for
|
058U SH EEIR0LIR0! Ses B LR U ShpRAMARO

mpegsanol , pmapaneficd &hirnptoduanenwatuged tol p’d)vs‘a‘e(ﬁ ﬁﬁ 1nternal

enbodi rrent S,. product stream 130 or. crude al co
S CPBAMION GNEIRE UBRECTGHEANSPOTFAbioR Vishictondn peyng 6wbﬁ@ments the

abgﬁﬁ@d étFaIilo'l @f&iﬁgﬂ%{n be%o%%ﬂqgﬂeﬁ%@noﬁg?ﬂ% t one other

ut ano uta pent anol s ept anol s,
ahgdrocirbom|os IIlLﬂﬂm[ﬂb hydﬂocgbems skl ohgdsslingd, to seae a liquid fuel blend.
al co

e ment s ream 130 _.or crud

W@g 470 iy e&ﬁf@%}pﬂﬁﬁrr@feamsm gn R e&ﬂéeﬂtlple
a@%@ﬁlﬂ%&%’f‘tl@e ﬁgérgﬁ)n(aiﬁ%hn@%lﬁﬁ% Eﬁhﬁ’ﬁ@é’ Qﬁaztm to how the
acet al dehyde, acetic acid, like 6 In

parvenigen ean terdyddistpedtand prasécedidther ehba meetts ﬂmm db npgprovide

n t 0, abou % of. the stre )
DS SRR IRES af iR e R o G BT o B Rparting
b &lowe@e s la@ bid SO bptmmentaﬁ%@bnb%wﬁﬁve@bﬁ iicopfiffattOroutine
about 90 % bywei g In particular enbodi nents, the

aﬁmﬂﬁtm%utatton@nﬁeph@w@rlom of themmleqrls apd gystamg described herein. Such

modifications and variations are considered to be within the scope of the invention
defined by the claims.

[0089] All publications, patents, and patent applications cited in this
specification are incorporated herein by reference in their entirety as if each
publication, patent, or patent application were specifically and individually put forth
herein.

[0090] Where methods and steps described above indicate certain events
occurring in certain order, those of ordinary skill in the art will recognize that the
ordering of certain steps may be modified and that such modifications are in
accordance with the variations of the invention. Additionally, certain of the steps may
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to about 50% of the product stream 130 or crude

al cohol stream 470 by wei ght, such as between about 5%
W@ 2008000389 25% or bet ween about 25% to about 55B6HYS2008/069071

wei ght. In particular enbodi nents, the anount of the

water is between about 1% to about 50% of the product

stream 130 or crude al cohol stream 470 by wei ght, such

as between about 1% to about 10% or about 10%to

BB PP R ST B TEA

pk@fidatialgt r eam 130 or crude al cohol stream 470 by

wei ght, such_ as between about 1% to about 2% or )
b&‘!%ébn abodterstre.do dorrtcrg dhassg g aions|of thedpyendigngyhich are
e i S. | i J . 0,

anon BEpFH of 18 SRR or BuR R IERE i Bt ne
s peaded J@iny itvieihghttentsthetthapateat wikcovabtoke Garktohoas well.
about 2% or between about 2% ahout 5% by wei ght.

[ 388@1@5?114 BEipE S b e P W%@h@ Eined amount
of ketones and al dehydes is between about 0.1%to
about 10% of the product stream 130 or crude al coho
stream 470 by wei ght, such as between about 0.5%to
about 2% In particular enbodinents, the conbi ned
anount of organic acids is between about 0.1%to about
10% of the product stream 130 or crude al cohol stream
470 by wei ght, such as between about 0.5%to about 2%
In particular enbodi nents, the conbined anmount of C
and hi gher al cohols is between about 0.1%to about 5%
of the product stream 130 or crude al cohol stream 470
by wei ght, such as between about 0.5%to about 2%
[0083] In particular enbodi nents, drying is perforned
prior to distillation, rather than after distillation.
A drying step can reduce the anount of water in the
product stream 130 or crude al cohol stream 470 by at

| east 75% preferably at |east 90% nore preferably at
| east 95% and nost preferably at |east about 99% In
particul ar enbodi ments, the anount of the water is

| ess than or equal to about 1% or |ess of the

i nternedi ate product by weight. Drying can al so be
referred to as "dehydration"” which herein neans
renoval of water from solution, not renoval of water
at the nolecular level (such as during olefin
formation).
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[0084] In sone enbodi nents, the drying step involves

passi ng the product stream 130 or crude al cohol stream
waI@ovaseugh a nmenbrane, such as zeolite menbrBCEUS2908/069071

t hrough one or nore nol ecul ar sieves to produce an

i nternedi ate product. In sone enbodinents, the

nol ecul ar sieve has an effective pore size of |essthan

about 5 Angstroms. In certain enbodi nents, the

nol ecul ar sieve has an effe&iihgspore si ze of about 3

Angstronms. [0085] In other enéb 'ments, the drying

step involves passing the product stream 130 or crude

alyeih ey clgihiegagn 470 t hrough a desiccant. A | arge

variety of desiccants are known. For exanpl e,

desi ccants can be selected fromS O, CaO CaCGs,

a2, . v | onal.. L

st 1 PR oEbreiRae ar PR, T SRhhOpid rogoq gompriing

used t @) ditfldutihg sHigzak Mte arfestirad tiop ot mprAmE AUEHRES first

of djstillation colums may be enpl oyed, dependi ng on

t k¥2ly8Si red overal | separation. In some embodi ments,

et hanol::y : B% 9% of: :

pur 11 G SpeTHHe ERoRiiitlr A QRO RNAG S Qg R caralyse

pr oduc{(iii¢ anrodecingdengdas ankeeictiizhel fAST MiD4BAGeLTian zone into a

speci ficat.ion for fuel etggnol, or, sone ot her

£ SRHOng FEAGHOR pRISI OPPERTNG: Pt Lok o OEC ot et

[0087] (iIhgorRiktirgl 2 thaSl 135H0bn BF Q6 GIng& @R MRS iftfduced into

power an internal conbustion engirne to power a

t said spwnt acdcoon vertt witle said necwodneatelyboidipnechics a prérrict stream

purifi.ed et hanol nggycf @n be conbi ned (bl ended)

wCPRPET S 835PT 'BHYE "ot | é?cﬂg Pocarbon, or nultiple

hydr ocar bons such as gasoline, to create a |liquid-fue

bl end. [0088] In this detailed description, reference

hds bedhe methodiad chaimtli, piherciintrod Corelpt dcabpls aoanpirisg eteneln

and non-limting exanples relating to how the

i nvention can be understood and practiced. O her

egbodi mashstiddads cttdmnQivhpredy e Cald, doHolecohgrisen g8opanol.

and advant ages set forth herein may be utilized,

wi t hout departing fromthe spirit and scope of the

PLES Nty AKAR S 3taih, SibRYPHLiA @0 ¢ MAMIHRR iRt QLB

experinmentation and optim zation of the net s an

systens descri bed herein. Such nodifications and

;/ﬁgl Iatn b" gg ?I}eg{peddg?c?aﬁlégle, E;{}g{efﬁtgsag gyvrvllrgtgy %nr‘grotdﬂceedsigt%ps%idoftlrst reaction
zone has an initial H,/CO ratio, conversion of syngas to methanol in said first reaction
zone causes said syngas introduced into said second reaction zone to have a second
H,/CO ratio, and said second H,/CO ratio provides an increased yield to one or more
C,—C,4 alcohols in said second reaction zone compared to that which would be

provided by said initial H,/CO ratio.

6. The method of claim 5, wherein said second H,/CO ratio is lower than said
initial Hy/CO ratio.
7. The method of claim 1, further comprising introducing additional methanol

into said second reaction zone and converting at least a portion of said additional
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[0089] Al publications, patents, and patent
applications cited in this specification are

w0 p@onpssat ed herein by reference in their entPCBUS2088069071
i f each publication, patent, or patent application
were specifically and individually put forth herein.
[ 0090] Where nethods and steps described above
i ndicate certain events occurring in certain order,
t hose of. ordi nar Kid | i he. ar i 11 recognjze~that
 AET Bl ARG et he bR epRoRybndlo s F FRAC KR 4 Ghons
swaih saidictorriadatadis. are in accordance with the
variations of the invention. Additionally, certain of
the steps maybe perfornmed concurrently in a parall el

pkoces r s

S Guont o T R B AT BERICATIR A adional methanol
alirgrodacddaintoosasd @fotdeactivnetont enas prdviablyakeowsirddhirem tshid product
spirit of the disclosure or equivalent to the

i AYE™-i ons found in the appended clains, it is the

intent that this patent will cover those variations as
wel |l . The present invention shall only be limted by

what i dheneithroelchfClafinVs fustheer compising merpdising addifomed syrazis that

g‘sﬂ%&& ﬁg’%ﬁ%@g E‘T{(’)I}ng%f‘ %an%ifgﬁ%bf%&ﬁ%;%?ﬁg%@ sgif %elccjg{ﬁe }eggtgon zone

I @AE borRRrtZRNE | GOMIPFdrEbMET Qlid hRAGInaBsrghs Inteah@dyisfo;said second
(ii) converting a portion of said syngas to net hano

wieaktiemreneftp pge ormped §s{Cs afdohely withtse, Pifhcatdligas and
met hanol fromsaid first reaction zone into a second
reaction zone conprising at |east a second catal yst;
and. (i The e@iwelrdfichgmalt, flreRs todppsing ie@bvaingsghgassydigasid
and net hanol introduced into said second reaction zone
wPtaugttigamend ferys Hpgihg decovered sypens dhrguph gfderst 0ag plessid
C &E'& hgg‘one or_nnre_C - C alcohols. 2. The nethod
o? cPé?n11? wherein said C2- C4 al cohols conprise
ethanol. 3. The nethod of claim1l, wherein said C2- C4
al. coho conprise 1l-propanol. .4.. The thod of claim
L1 aherBF Hlegl{;)ﬂd&féﬁlmédf Egheid fies e vskcommssesnitery!
Thacsred hosh Al ofupiBhsdstinghBRI0MCHE ), dC§YAOA8 LIZH0 /Ay ed
into said first reaction
Cu/ZnO/Cr,0s, Cu/ThO,, Co/S, Mo/S, Co/Mo/S, Ni/S, Ni/Mo/S, Ni/Co/Mo/S, and
any of the foregoing in combination with Mn and/or V, and wherein said first catalyst

optionally includes a basic promoter.

12. The method of claim 1, wherein said second catalyst comprises a material
selected from the group consisting of ZnO/Cr,03, Cu/Zn0O, Cu/ZnO/Al,0s,
CuO/Co0, CuO/Co0/Al, 03, Co/S, Mo/S, Co/Mo/S, Rh/Ti/Si0,, Rh/Mn/SiO;,
Rh/Ti/Fe/Ir/Si10,, Rh/Mn/MCM-41, Ni/S, Ni/Mo/S, Ni/Co/Mo/S, and any of the
foregoing in combination with Mn and/or V, and wherein said second catalyst

optionally includes a basic promoter.

13. The method of claim 1, wherein said first catalyst and said second catalyst

have substantially the same initial composition.
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zone has an initial H2/CO ratio, conversion of syngas
to nethanol in said first reaction zone causes said

W@E 2009a6938Nnt r oduced i nto said second reacti on zPCEHUS2908/069071
have a second H2/CO rati o, and said second H2/CO ratio
provides an increased yield to one or nore C2- C4
al cohols in said second reaction zone conpared to that
whi ch woul d be provided by said initial H2/COratio.
6 The l. ai I ei-n sesan
ratio Fggﬁ“bmer fﬁg ﬁl%slauw erent §a1& F“Sré?%é%’ i a%d?eéﬁmc“on
mebdodte ©bthah aismgle rehetot.her conprising i nt r oducr ng
addi ti onal nmethanol into said second reaction zone and
converting at least a portion of said
aqgl ti
r ggct [ %‘Eﬁlgﬂgﬁg of g}rl&elﬂg ng&cﬁgé & g %FL 01 S W t d Corgpmmg
second(i¢ attﬁidylsﬂng adirstAneumed hydgaf intl afirst kactdretoni combprising at
Iﬁget g Bortlon of said additional nethanol introduced
i 1fedt sEsHeAd¥ind reaction zone was previously
recovelgtoh{Qihs a HafRaQRhidn SHshRaRkt dnoublf6f %%Q% Rfthanol
claim further conprising introduci ng addi'tional
sym@w@wﬁhmﬁm@y%ot unreacted syngas fromsaid first

reacti Z intao.,said s cond reaction zone and

conver L isugiag sgid 2eshanpl to SponbicaCibnops Ggpising at least a
sy&@as chidtykeduced into said second reacti on zone to

one or nore C - C alcohols with said second catal yst.

10. Théivirstieduciag a s¢epntamounigfisyegasde pe |5gq0ﬁg reaction zone; and

recove E\Qr}g% qth hi %?Feagt rt‘T’cﬁ{ & sgfcf)lggt?%noﬁtlﬁt? o said seand

recycl i recovered syngas one

S &adtlole@(ﬁtel with tAe8 a pdidion biigaitstdond aﬁfouﬁi & s@‘héas with said second
wherein said first catalyst conprises a materia

s EMBlYBIEA Prodies R REOBICHYF BRSSP IS Or s Ep-Legp &cohols.

Cu/ ZnO, Cu/ zZnO Al 2g 3, Cu/zZnO Cr 208, Cu/ Th@2, Col/ S,

M/S, Co/Md/S, Ni/S, N/M/S, N/Co/M/S and any of

t hé. f oifagoictigdi of ctombliSnaheem wid secivid amddrarof Wngas theludes

wher ei d first. caﬁg} st o tionally includes a
bé%‘}gésg]"o ngft reagbin sg ﬁ’erteﬁ‘d NPl ai m 1, wherein

said second catalyst conprises a material selected

fromthe group consrstln%rof ZnQ Cr2gq 3, Cul/ zZnQ
CU7 ZnOTAE pagti®yd of claim 15 erein said second amount of syngas includes

syngas that was separated and recycled from said product stream.

18. The method of claim 15, wherein said second amount of syngas includes

additional syngas that was not introduced to said first reaction zone.

19. The method of claim 15, wherein said second amount of syngas includes

syngas that was generated from methanol in said first reaction zone.

20. The method of claim 15, wherein said first catalyst comprises a material
selected from the group consisting of ZnO/Cr,0;, Cu/Zn0O, Cu/ZnO/Al,03,
Cu/ZnO/Cr,0s, Cu/ThO,, Co/S, Mo/S, Co/Mo/S, Ni/S, Ni/Mo/S, Ni/Co/Mo/S, and
any of the foregoing in combination with Mn and/or V, and wherein said first catalyst
optionally includes a basic promoter.
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Cud CoO, Cud Cod Al 238, Co/S, Md/S, Col Mol S,
Rh/Ti/Si @2, R/ Wi/ Si2, R/ TilFellr/Si Q2,

WOROMANISM 41, N /S, Ni/M/S, N/Co/M/S and BelUSF008/069071
the foregoing in conbination with Mr and/or V, and
wherei n said second catal yst optionally includes a
basic pronoter. 13. The nethod of claim1l1, wherein
said first catalyst and said second catal yst have
substantially the sane initial conposition.1l4. The
met hod of claim1, wherein said first reaction zone
and. seqaséehdtieciictimZIGN&hareth saod &bcbmd aatslwgioﬁlphe@m Mkterial
15. A nmethod of producing one or al cohol s,

s &¢lecta framdhe slf?(alp.cgn%@tmg(qf%m%@&@a&lﬂ/ﬁ@OaCﬂ/@Q/A&ﬁ)eu nt
ot@/@@@%ﬁ@m@mﬁm,S&o/sew@ Uh/RRPE BPTPEICS! 1@9/1\»%3102,

ast a first cat ‘convert’i ng at I'ea
p&hi Tide/I0SiGaiRM/NnNEEC MRADUNIY'S, i/ My 15y 6/ CodMniS, ham my of the

wi.ith said first catal i |ntrodUC|n

méRReioE 9B ST b HE wOGHbt 14 ﬁﬁoﬁ‘? eyt
oﬁﬁ&ﬁﬂ?1&9&&%¥ﬁ&mwﬁﬁ&$o&ﬁtrOdUC'ng a second anount of

syngas to said second reaction zone; and (v) reacting

at | east a portion of sald nmet hanol i ntroduced into

sai.d second .r on MAth | east a ortlo

By SaBR R G oR 5P Rkt it ERRS el il spotor
t QiR EDAE BeatiBh BEHECE 1154 ERBNY EATRE| HUNRE Rt Hcal®bBsafd first
C al cohols. 16. The net hod of cIa|n115 wherein said

S ERAG19H CAmDIIFRS SyRgasyreptticehEPmcet fiyhigagiontranc Hitelsaigsccond

c Feaa_%{lor&gon%m;] chef‘ Loth sg@%;%eggﬁt A%Sm %a?d ?&Eﬁ s%&rﬂ%gleggt a portion

erern m)un

| aebamiﬁfstlﬁymgﬁsdﬁdaaﬁnM@ﬁs@ep@fcabledo@wd recycl ed from
said product stream 18. The method of claim15,
wherein said second anount of syngas includes

aggh ti %leeﬁYJ&Qﬁ%laﬁllﬁai g%%je{e}f)%%(% ﬁ%séfb%?&&fzc}n@ aﬁg'sgcond reaction

first reaction zone. aim1
wheneedrn bethiid asepbndacgoount of syngas incl udes syngas
that was generated from nethanol in said first
reacti on zone. 20. The nmethod of claim 15, wherein

said fiThs @R NBmCIBMRhERESsaA TR 84th13Lt and said second catalyst

have substantially the same initial composition.

25. The method of claim 15, wherein said one or more C,—C, alcohols is selected

from the group consisting of ethanol, 1-propanol, and 1-butanol.

26. The method of claim 1 or 15, further comprising introducing additional or
recycled CO; into said first reaction zone, wherein at least a portion of said CO, is

reacted with H, present to produce CO,-derived methanol.

27. The method of claim 26, wherein said CO,-derived methanol is converted, at

least in part, to one or more C,—C,4 alcohols in said second reaction zone.

28. The method of claim 26, wherein said CO,-derived methanol is converted, at

least in part, to ethanol in said second reaction zone.
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sel ected fromthe group consisting of Zn(VCr20C3,

Cu/ ZnQ, Cu/zZnQ Al 203, Cu/ zZnQ Cr203, Cu/ Th@2, Co/ S,
wORI0%00938Y Mb/S, Ni/S, Ni/M/S, Ni/ColM/S, andPEryshs/069071

the foregoing in conbination with Mr and/or V, and

wherein said first catalyst optionally includes a

basi c pronoter.21. The nethod of claim 15, wherein

said second catal yst conprises a material selected

fromthe group consisting of ZnO Cr2g 3, Cu/ZnQ

Cu/ ZnQ Al 2g 3, CuQd CoO, CuQ CoQ Al 203, Co/S, M/ S,

Cap Mo/ 3, mBod of HioddecingRa/Ayh/ Stékdl, By ﬁHbﬁlE@bdnhf)rﬁlﬁg

Rh/ Mh/ MCM 41, NI/ S, N|/Nb/S N|/Cb/Nb/S and an

t he f oﬁlégﬁmd@cma SRR IHARITBH TGRAINN FANRERIARIISING ati ta first

§&p said second catalyst optionally includes a

baS| pronoter. 22. The nethod of claim15, wherein

sai d f (ii)stonvediog b @ortaond shid synga td i(staldobalcw ol said fird catalyst;

second reacti.on zone is |n.a _seco eact and .an

out put () fisadiging seegs fnd id Fo a@e@ﬂ i g redshigagone into a

| BdoRd WeRHor LaHY &%ﬁlsfnga%kaﬁt%a&%ﬁﬂca%&{]ﬁ gt 0 said

second reaction zone urther conprising separating

from séivdl cmmfle}ttmg asﬂaaefampqtlom ebsid syngas andovaidf, slaphl introduced

net han n said f.irst ction zo

TS r Rl 4T os o BB id iiont FRELHOP sBEIRs A Toapé  Sream

ae&mgﬁﬁﬁggnﬂeggpﬂgnmzone are both in a single reactor.

he nmet hod of claim 15, wherein said first

cat al y3theepinn sascctddena 1 dafangst have substantial |y

the sa | The met hod of claim

15, mhgggkﬁﬁéa%% 6%ggg%iﬁh8§t%§é C al cohols is

selected fromthe group consisting of ethano

1- Bropanol and 1-butangl. 26. The nethod, of cIa|n11

opV15, Themothad ofsiammi 29 ﬁgtheheqralenﬁé%@ona@aﬁng.%kaﬁt agortion of

Q&){%ﬁﬁs seh&‘to Fc@h&'l dlflﬂ(&%ke& ﬁﬁ‘&%@@g&»\%{mﬁ&acﬁg@%&{%@ﬁ said

| east” & portion o I'sS reacte present
t scqonddatalysGoprakbrce \a@dodnet $teaol corﬁiﬂisin'@hm ahaﬂiobthaofs at least one
claim 26, mher in.said \Y; met han
c 6HPeR P@labera*eﬂ% et than; Sﬁdﬁécoﬁ%w EIE IS e@ tedfronp2 t0 5.
al cohols in said second reaction zone. 28. The net hod
of claim 26, wherein said CO2-derived nmethanol is
cShver tensthad of pmfb'ingmrpawrtmorc alcehdlapdectechiremithe g@opnd
reaction

hod of duci . + ..
aFREHLnE Oi e aﬁg{, ﬁ@a %gp}%pﬁtgql eg{d%uya%oﬂ %ol SRR comprising the

steps of (a) drying an initial mixture comprising methanol, ethanol, propanol, butanol,
and water to produce an intermediate product; and then (b) distilling said intermediate

product to produce one or more purified alcohols.

32. The method of claim 31, wherein the amount of ethanol in said initial mixture

is between about 25% and about 95% by weight.

33. The method of claim 31, wherein the amount of methanol in said initial

mixture is between about 0.1% and about 50% by weight.

34, The method of claim 31, wherein the amount of water in said initial mixture is
between about 1% and about 50% by weight.
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(i) introducing syngas into a first reaction zone

conprising at least a first catalyst; (ii) converting
w@2o0e938n of said syngas to a Cn al cohol w t hPGHUS2008/069071

first catalyst; (iii) introducing syngas and said Cn

al cohol fromsaid first reaction zone into a second

reaction zone conprising at |east a second catal yst;

and (iv) converting at |east a portion of said syngas

and said Cn al cohol introduced into said second

reaction zone with said second catalyst to produce a

pBeduCThs ifc@iat cf@igami 31, Mcdi e @AbimEd foahel in siddanteitediate

is selected from1l to 5, and wherein n +mis sel ected

f PEfuSt if sy thanzhoutiye bk of claim 29, further

conprising converting at |east a portion of said

syngas and said Cn al cohol introduced into said second

rdact i dhe retedaftchhindiSdwhecondidcahalint of sdid waradusead a

product . stream copprising an al cohol that is at |east

O HESTPRAHE AT SHBRT &0t (1o BEIFRS: al cohol |

wherein n is selected from2 to 5. 31. A nethod of

purifying one or nore al cohols selected fromthe group

cdhsi stlhagetfodmdickamd 1, whticamsén (aprapaveslat leastd 5% of the water

but angl., sai.d.method conprising the steps of (a)

dPgﬁSﬁ‘ﬁ 1%&139%?1{1‘;‘531“"%%1 ure conprising nethanol,

et hanol , propanol, butanol, and water to produce an

i ntermedi ate product; and then (&)h distilling said
i ABer B4 arcthqdradgliim Yo wheistuged G ecrapverst kap 9oV ofdhe water

a l. . ... The. hod of claim 31, wherein the
allqgegn loFa@?‘Hté%lo lxﬂﬁg'sai dinitial mxture i s between
about 25% and about 95% by wei ght. 33. The net hod of

claim 31, wherein the ampunt of methanol in said = .

i APt i ailhpimethadeofickimeklwwBareHhYieR (3) CAmprsey PatsHig Sahoy
'-gtm: thitboh & ]HEIa Qd of claim 31, wherein the anpunt

\(I)\?hwateer?olﬁ sgﬁe m?ti al mxture is between about 1%

and about 50% by wei ght.35. The nethod of claim 31,

rein.the a .of water.in.said. internediate
%d Lot glqﬂwngoﬁ#&ﬂ 33%@}?%5%%@%%% 1s ggcolijgmembranc.
met hod of claim35, wherein said anmount of said water
in said
41. The method of claim 31, wherein step (a) comprises passing said initial

mixture through a desiccant.

42. The method of claim 41, wherein said desiccant is selected from the group

consisting of Si0,, CaO, CaCOs;, CaCl,, CuSO4, and CaSOs.

43. The method of claim 31, wherein step (a) comprises passing said initial

mixture through a molecular sieve.

44.  The method of claim 43, wherein said molecular sieve has an effective pore

size of less than about 5 Angstroms.

45.  The method of claim 44, wherein said molecular sieve has an effective pore
size of about 3 Angstroms.
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intermedi ate product is |ess than about 0.5% by
wei ght. 37. The nmethod of claim 31, wherein step (a)

W0 20v00essat | east 75% of the water present in BEI/tS2008/069071
initial mxture. 38. The nethod of claim 37, wherein
step (a) renoves at | east 95% of the water present in
said initial mxture. 39. The nethod of claim 31,
wherein step (a) conprises passing said initia
m xture through a nenbrane. 40. The nethod of claim
39, wherein said nenbrane is a zeolite nenbrane. 41
The. netrheéhetodadfaldin3l, whbeireont ¢tsejd fudificd aiphols &Scthanol.
passing said initial mxture through a desiccant. 42.
The nethod of claim4l, wherein said desiccant is

sghkect t p i St f. S T
s, T H SR AR Gl o iR B s 1-propanol
claim 31, wherein step (a) conprises passing said

initial, mxture through nol ecul ar. si eve. 44, The

1@ hod ToF thﬂ%ﬂdrﬁf&gélmbléﬂewgﬁrﬁ%%eoofﬁmd&#@ﬁ aleplels i lgButanol.
an effective pore size of |ess than about 5 Angstrons.

45. The net hod of cl aim44, wherein said nol ecul ar

sé@ve Mhe methoslfdfetaiindg , pbersissarddistilliap praduges a purified methanol
Angst rons,. 46...The .nethod ,of claim 31, wherein one of

SRR R Bl S PURE hamol | a7, "The ot hod of

claim 31, wherein one of said purified alcohols is

1-8ropanol. 48. The nethod of claim 31, wherein one of
saPbd pdhemediwdanfebigl 3, waerpipigicdistilling grodpges aprHind regthanol

ol et Eh Mgkl 5h b ol R LRRHER ot 5,

The nmethod of claim 31, wherein said distilling
produces a purifjed nmethanol product, a purifie

d

efhanolhprséipdtof chir 49, plieict @ cthapelneasmitrafipn alizid purified
. o : h |

5lthad§)8s B&%&ga@m 9'5%)' dﬂd%ﬁ?lllt\gg.eje/? Eg r%e'h‘g}tgt bgtno o

concentration of said puri
about 95% and about 99. 9% by wei ght. 52. The net hod of

¢ I5 5 .i m 41"%’6 met eordeoigélaslr%i 4%, g/ﬂgegnl seatljd gltlrli']haer(]ioeltharlrl%ﬂnseetts Ia?e @{l— M

D4806-07a specification for fuel ethanol.

53. The method of claim 31, further comprising powering an internal combustion

engine, at least in part, with said one or more purified alcohols.
54. The method of claim 31, further comprising combining said one or more

purified alcohols with at least one other hydrocarbon, thereby creating a liquid-fuel
blend.

55. The method of claim 54, further comprising powering an internal combustion

engine, at least in part, with said liquid-fuel blend.

56. A method of producing a purified alcohol selected from the group consisting

of methanol, ethanol, propanol, and butanol, said method comprising the steps of:
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D4806- 07a specification for fuel ethanol. 53. The
nmet hod of claim 31, further conprising powering an

WO paoeesB9 conbusti on engi ne, at |east in part, P@U/Uk2008/069071
said one or nore purified alcohols. 54. The net hod of
claim 31, further conprising conbining said one or
nmore purified alcohols with at | east one ot her
hydr ocar bon, thereby creating a l'i quid-fuel blend. 55.
I-rﬂtee?ﬁgepo@%g&f tlﬁ 13%% c%rﬁibn anttal 11tlg 1%8('{'?1 {6%8,{1% 1§8n ' ngha%e and a

sa@lﬁilbﬂa@uirﬂaﬁei@ﬂatmlzmmﬁ@ A met hod of pr odu0| ng a
purlfled al cohol. selected fromthe group consisting

net han &), Pagtingsiod 2asorhepmasist Saldamdmb@%rouggauh&aﬁ%f%aon
Ellélf&gnga\h%asﬂ eps of:(a) devolatilizing a

on cont ing feed material to forma gas phase
and a $¢)|devq{rhﬂg eaid pyrgzaslevomattiutei coatpriomgettianpl, (rizyhanol,
passi n aid hase and said solid phase through a
h@H{éH%rE E@ﬁ ‘g§§él to formsyngas; (c) converting
sai d S%DQQ%[?@mﬁnﬁkﬁﬁ&&ﬂmﬁgﬁﬁﬂhﬁh@ﬂnﬁﬁﬁ@Bﬁkhwﬂﬁh@ano'
pr opanol utanol, and water; (d) drying said m xture
to pr otR)ckstidling sidintedicdiat: rpod;dmm prodwat 4 @rifgidsigohpl. ng
said internedi ate product to produce a purified
al cohol . 57. The nmethod of claimb56, wherein the
agpunt THe ﬂﬁ@th@d[ of aaﬁa's@ wittk@h pRAnad @it Bf REEn dafd In@SMediate
t han about 5% ht 58. The nethod of cl ai m 56,
wﬁ@ﬂ@ﬁﬂs§§ﬁﬂwaﬁ%g bYWﬁX@F in said internediate
product is |less than about 0.5% by weight. 59. The
nmet hod of claim56, wherein step (d) reduces the
ageunt Taé mwaicRlroficthimaiod wiitxéirlgagd Mlowit off easd P& ifdémediate
The method of claim56, wherein step (d) conprises
pRESUAGS Losp Ehamiakpytr S YororRiENta zeol i te menbrane. 61.
The nethod of claimb56, wherein step (d) conprises
passing said m xture through a desiccant.

59.  The method of claim 56, wherein step (d) reduces the amount of water in said
mixture by at least 95%.
60.  The method of claim 56, wherein step (d) comprises passing said mixture

through a zeolite membrane.

61.  The method of claim 56, wherein step (d) comprises passing said mixture

through a desiccant.

62.  The method of claim 56, wherein step (d) comprises passing said mixture

through a molecular sieve.

63.  An apparatus for producing a purified alcohol selected from the group
consisting of methanol, ethanol, propanol, and butanol, said apparatus comprising;:
(a) means for devolatilizing a carbon-containing feed material to form a gas

phase and a solid phase in a devolatilization unit;
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62. The nethod of claimb56, wherein step (d) conprises

passing said m xture through a nol ecul ar sieve. 63. An
wappaedsss for producing a purified al cohol sePEDUBINS/069071

fromthe group consisting of methanol, ethanol,

propanol , and butanol, said apparatus conprising: (a)

nmeans for devolatilizing a carbon-containing feed

material to forma gas phase and a solid phase in a

devol atq.i zati-on unit: (. ans _for.passing said ga

phase IhdnERH S Thd ik TRRS ph i PRI s Bidhef Pheated

vesstbn Vessélas Mrays@ass; (c) neans for converting said

syngas to a mixture conprising ethanol, nethanol,

pr opané®) M FHEONVHHAEL G 8YNSap &) 2 MPEHE cogpriging;cpnol,

sai ' 0 u i.nternedi ate product; and

(gkﬁﬁggﬁgH%%?g%P@%ﬁﬁl%ﬁaggg#d i nternedi ate product to

pr oduc éd)angrms ifér drginglseidhnixturpvkepre dincesai idtcapgdiata pusiucs and

configured for. said drying priqr to said distillin

64. _ThZ@amfgﬁ it uid hemedipgramediet {yprog st paisdleohol

zeol i t g HIRADEANEppaPatus LREnARRAA ?Jrléﬁidgfryi_%g 3Bt B3aid distilling.

wherein (d) conprises a desfccant. 66. e appar at us
of claim63, wherein (d) conprises a nol ecul ar sieve

AL 10 T8 Bl SOl aBoh e s Sn ) oiish e B mbese g

nol ecul ar sieve has an effective pore size of about 3

Angst r ons. , , , ,
65. The apparatus of claim 63, wherein (d) comprises a desiccant.

66. The apparatus of claim 63, wherein (d) comprises a molecular sieve having an

effective pore size of less than about 5 Angstroms.

67. The apparatus of claim 63, wherein said molecular sieve has an effective pore

size of about 3 Angstroms.
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